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PREFACE. 


The  surveys  for  road  materials  made  hy  the  Cieological  Survey  in  1915 
are  reported  on  in  the  following  pages. 

Field  work  was  dcjne  in  two  areas,  and  these  are  treated  separately 
in  the  report.  Part  I  deals  with  road  materials  lying  near  the  proposed 
highway  from  Ottawa  to  Prescott,  Ontario,  and  P  irt  11  with  the  materials 
which  are  within  hauling  distance  of  the  route  of  a  highway  between 
Hull  and  Montreal,  Quebec.  A  map  showing  all  outcrops  of  bi-drock  and 
gravel  near  the  roads  in  question  accompanies  each  report.  On  the  map 
belonging  to  Part  I  the  locations  of  piles  and  fences  of  held  stone  have 
also  been  indicated.  Sixty-four  samples  of  stone  and  forty  of  gravel 
were  collected  and  tested  in  the  laboratories  of  Columbia  university. 
Some  knowledge  of  the  comparative  values  of  different  varieties  of  stone 
for  road  building  and  of  the  relation  between  test  values  obtained  in  the 
laboratory  and  the  behaviour  of  the  stone  in  a  road-bed  under  traffic 
conditions  is  nccessar'''  toward  an  understanding  of  the  results  of  the 
laboratory  tests  given  in  the  report.  For  a  discussion  of  this  subject, 
the  reader  is  referred  to  Geological  Survey,  Canada,  Memoir  8.S,  Part  I. 


PARI  I. 


DEPOSITS  OF  STONE  AND  GRAVEL  AVAILABLE 

FOR  A  HIGHWAY  BETWEEN  OTTAWA 

AND  PRESCOTT,  ONTARIO. 


PART  I. 


Deposits  of  Stone  and  Gravel  Available  for 

a  Highway  between  Ottawa  and 

Prescott,  Ontario. 


CHAPTER  I. 
INTRODUCTION. 

SCOPK  OF  THIC  REPORT. 

This  report  is  the  result  of  a  detailed  survey  of  the  materials  IviiiK 
within  wagon-hauling  distanre  of  the  route  proposed  for  an  iniproxed 
highway  between  the  rity  of  Ottawa  and  the  town  of  Prescott,  Ontario. 
The  area  examined  includes  some  .S5()  square  miles  and  embraces  a  strip 
of  territory  at  least  10  miles  wide,  with  the  route  of  the  proposctl  road 
through  the  middle;  near  Ottawa  it  was  extended  f  include  all  the 
townships  of  \epean  and  Gloucester.  The  report  deals  with  all  materials 
within  the  area  tha<^  could  be  used  for  road-making — bedrock,  glacial 
boulders  or  field  stone,  and  gravel.  The  amount  of  material  examined 
and  the  extent  of  territory  covered  are  far  in  excess  of  what  would  have 
been  necessary  for  the  needs  of  the  trunk  highway  alone,  but  this  wa> 
so  planned  to  obtain  a  more  thorough  knowledge  of  the  various  kinds  of 
road  material  in  the  district,  and  to  be  of  as  much  assistance  as  possible 
to  road  ofScials  in  the  townships  traversed. 

.\RR.\N(;i;Mi;Nr. 

The  report  has  been  prepared  with  the  idea  that  ihos?  interested  in 
building  the  trunk  roafl  or  any  of  the  feeders  for  that  road,  would  require 
all  the  detailed  information  possible  about  certain  of  the  dcfxisits  lyinii 
near  the  roads  in  question.  The  details  have  been  placed  in  tabular 
form  in  the  appendices.  Rock  outcrops,  field  str)ne  de()f)sits,  and  gra\<l 
deposits  lia\e  b.ecn  nunilKri<l  in  different  colours  on  the  map,  each  having 
;i  set  of  consecutive  numbers  with  corresponding  n'lmbers  placed  at  their 
proper  i^laces  in  the  tables.  Information  on  any  deposit  shown  on  the 
map  can,  therefore,  be  found  at  once  by  turning  to  the  tables.  ("hai)ter 
II  contains  a  description  of  the  geology  and  general  features  of  the 
district.  In  Chapter  III  the  road-making  qualities  of  the  outcrops, 
field  stone  and  gravel,  together  with   their  possibilities  of  commercial 
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.M<(  ulion^h  and  his  assistants  in  a  ronseientious  an<!  enid.^nt  manner 


CHAPTKR  II 
GENERAL  CHARACTER  OF  THE  DISTK'CT. 

loriK.RAr'iiv. 

The  top<)Knii)li>'  ol  th'.'  di-trirt  siir\t\<il  ,iihI  tif  ilic  idiinirx'  for 
niiiny  niik>  arnuin!  is  that  nl  .1  plain,  wiili  \tr\  l<i\v  avtraK*-  '1<>|k's 
rclii-M<l  1)\'  >iiiali,  irrt'^iilar  hillncl  ai  hniildir  il.iv  and  >aiid.  'I  liis 
plain  lies  lntw(  en  flcvatiim^  uf  J75  .mU  .^"5  fii't  alMi\t>  mm-1i\iI,  ,ind  1' 
hill>  all'  in  tVw  pl.ais  inorc  lliaii  25  fiit  aiiciM'  tlif  mm  ral  iivcl  nl  ihe 
cmintn  in  'heir  niiulib  airlKx.d.  llir  ana  is  (lrain(<l  ainici^l  tiuinly 
by  Ottawa  ri\tT  atid  its  irii)Utai\  .  Ridt-aii  rivir.  'I'lu-  \\,ilir^lu-d  luiwt  en 
the  St.  I-avvrenci'  .tnd  the  (Mi.iwa  dms  not  lie  more  than  ,i  IfW  niilis 
from  the  north  l)ank  of  tiic  St.  l.awreiice.  I'«rhap>  t\\(i-tliiril>  ot  tlie 
area  traxiTsed  is  clcari'd  land  and  under  iulti\atii>n. 

GKMK.M.  <il  Ot.()(,Y. 

fhe  names  of  f<irmations  encnunterid  ha\-e  l)een  placed  in  taliular 
form  on  page  4.  'I'he  solid  rocks  underlying;  the  are.i  are  nearly  all 
sediments  )f  I'aheozoic  ajjv ,  althou^;h  sonii' ver>'  small  are.is  of  I're-Cam- 
l)rian  age  occur  in  Nepean,  Oxford,  and  Kdwardshurnh  to\vnshii)>.  Of 
the  PaliTOZoir  rocks  the  Heeki  tantown  system  occupies  fully  three- 
quarters  of  the  area  lying  near  tiie  proiH)se(l  route.  Oser  the  liediock 
imcfinsolidated  deposits  carrynit;  lar]i;e  (|uantities  of  field  stone,  and  >ands 
and  gravel  of  glacial  anil  m.irine  iriyin  are  widely  di>tril)uti-d.  Hluc 
stratified  clay  of  marine  origin  is  found  on  low  ground  mar  the  Ottawa 
river  and  lower  part  of  the  Rideaii. 

The  divisions  of  the  Paheozoic  gi\-t'n  on  page  4  and  the  geological 
boundaries  of  the  map  are  after  f^lls.'  .Although  Klls  himself  regarded 
the  I'otsdam  and  Calciferous  as  pr.ictically  the  same  formation,-  and  later 
p.ilaontological  investigation'^  has  caused  the  ('hazy  to  be  di\idecl  at 
a  new  horizon,  the  older  divir-ions  are  retained  here  because  they  con- 
veniently separ.ite  deix>sits  of  f.iir  macadam  s.tone  from  tlutsc  that  are 
useless. 


'Ells.  R.  W'..  "Geology  and  natural  resourna  of  the  city  of  Ottawa  and  vicinity."  Geol.  Surv..  Can 
Ann.  Rent.,  vol.  XII,  1SQ9,  pt.  C,  p.  in. 

'Ells,  R.  W.,  "The  Potsdam  and  Calciferous  formations  of  Quebec  and  eastern  Ontario,"  Tram. 
Key.  Sec..  I  an.,  sec.  IV ,  1m'<4,  p.  id. 

^Raymond.  P.  E..  "Ordovician  of  Montreal  and  Ottawa,"  Geol.  Surv.,  Can..  Twelfth  Inter.  Gr:i>l. 
ConK..  Guide  Book  No.  3,  pp.  140,  141. 
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Lithological  charactirit 


Vnconsolidattd  MatfrmU 
I'nstratifieil  houldrr*  ami  ii.inil. 
Partly  ttr.ilitie<l  uml!)  and  graveli  containinK 

marine  tosniln. 
Stratified  blue  clay  containini;  mnrine  fiwniU. 
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CoHiolidiited  Beddfd  Srdimtnls 

S;indatune»  and  shalei. 

Shale. 

Liinestone  with  very  little  ihalc. 

Limestone. 

Limestone,  shaly  limeitone,  and  shale, 

Sandiitone  and  shale. 

Dolomite,    magnesian    limestone,    (•al(ari'f)us 

!undstone,  and  sandstone. 
Sandstone. 


iMiliimnrpliostd  Sfitments  and  Igneous  Hoik^. 
yuartz  diorite,  binary  granite,  quartzite, 
I        M'hiM. 


Pre-Ciimhrian. 

A  .imall  area  of  FrL'-(aml)i:.in  is  bmnd  in  the  tinrthwvsttrn  part  of 
Nt'IH-an  alH)Ut  2  niik-s  northwest  of  IVlIs  (oriur>.  \Vr\  .sin.ill  an, 
of  Fn--Cainliri.in  wire  also  nut  with  in  Oxford  ..nd  lidw.irdsbu  .<h  town- 
ships. Within  the  .trca  in  Nrpcan  there  .in  niiK mps  of  rather  coarse- 
grained In'n.iry  nr.inite  with  some  schist  ,itid  two  small  hills  of  (|ii.irtz 
dioriie.  The  occnrtencis  in  ().\lonl  and  l'.dw.inlslinr^;h  are  i>f  (|ii,,ri/ite. 
rile  i|iiarlz  diurite  is  .1  dark  urey.  nu(liiiin-,i;raintHl  nnk  of  ^i.ini- 
loid  textun-  in  which  hornhleiide.  leldspar,  and  (|nartz  cm  he  detectetl 
with  .1  h.ind  lens.  'I  he  oiiiirops  an-  massive  with  few  she.ir  zoiu's 
thn>ii,i;li  them.  The  (|u.irt/ites  .ire  while  to  greyish  w  hite  n)cks,  consist- 
ing  nf  quarl/  with  .1  few  tl.it  pl.ites  ..f  mic.i  lyiiiK  in  f).ir.illel  planes  thniugh 
Ihi'  stone.  The  (iii,irl/ite>  .in-  niurh  more  conip.ict  ,ind  of  ynater 
stni)-lh  th.iii  t!ie  I'ot-dam  >.llM^|nIu■s  of  iie.irK  similar  miner.il  c(aii- 
position. 

/'olSi.'am. 

The  twfi  in'as  mapiied  as  i'otsdam  lie  in  the  northwest  ^e(  tiiai  of 
Nrp-an.  The  I'otsd.nr,  lies  ,ipp,in'ntty  con  formality  under  the  iJeek- 
m.intowri  .it  this  pi, ice  .irid  tl.-e  si(),in:tion  is  m.ide  wholly  on  lilhi.lnyical 
Vrmunds.  One  or  two  of  the  lower  beds  of  the  Heekmantown  may  be 
loMiidwiiliiii  the  area  marki'd  I'ot-dap'  ,ind  tlie  I'otsdam  tiiidouiitifily 
underlie-    ihe    neekm.iiitow  n    ,in..   cast    and    northeast    of    F.illowfield. 
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The  Potsdam  is  made  up  of  sandstones  only.     These  rocks  are  white 
to  grey  white  m  colour  with  rusty  brown  streaks  along  the  bedding 
planes.    They  consist  almost  wholly  of  more  or  less  rounded  quartz 
.    grams  with  a  little  kaolin  and  iron  oxide  between  the  grains 

I 

I  BeekmanUnvn. 

n.rt^f  M®^'^"^°'^/°"^''°"  ""^"''^  ^"  '^^  *"tem  and  southern 
part  of  Nepean  township,  except  the  extreme  southwestern  comer,  and 
outcrops  in  the  «,uthwestern  part  of  Gloucester.  There  are  thr^  or 
four  small  areas  of  Pre-Cambrian  in  Oxford  and  Edwardsburgh.  buTal 
other  outcrops  in  the  area  south  of  Gloucester  and  Nepean  are  of  Beek- 
man  town  age. 

„nn7^'/°"^*'^",''  ""^"^^  "P  °^  ^^  °^  sandstones,  calcareous  sand- 
tones   siliceous  dolomites,  and  siliceous  magnesian  limestones  (Figure 
1).    The  sandstones  occur  in  the  lower  portion-  of  the  sections  in  Ne^an 

?n?  Si".'^      .rr*"'^'  ^'^  '"  ^"^  °f  '^'  occurrences  in  Augusta. 

Int  ^bedded  with  the  sandstone,  but  in  the  greater  number  of  cases 

j    overlying  them,  are  the  dolomites,  forming  most  of  the  outcrops  ^ 

o  ni;TV"i'''^°-  ^"— 'outcrops  occu-ringdirecdy  over 
rouXl  ^j^T^^-^b"^  q""t2ites  there  ar^  conglomerates  formed  of 
rounded  and  angular  fragments  of  quartzite  in  a  matrix  containing 

SnArTh-  °'  ^'''"•-  ''""^  ^'^"^*^'  ^'  -gnerm^rS 
mlalJ       ;•  '"at"\'8.  '"  many  cases,  very  similar  to  the  typical 

n^gnesian  limestone  which  in  some  of  the  outcrops  lies  confornSbly 

iX^hl       T     ^*^''"'*^"^^    f  conglomerate.    Ther^  is  very 
htte    hale  in  these  outcrops  but  some  of  the  dolomites  contain  claye^ 
materml  and  in  many  cases  there  is  a  thin  shaly  parting  between  them, 
fh.  ^  "^'"'^  f  ^'■'""  ""'  formation,  which  were  examined  under 

the  microscope  or  analysed  chemically,  contain  silica,  calc-.-m  carbonate 
and  magn«ium  carbonate,  as  well  as  other  impurities.  .  :„.  the  relative 
amounts  of  s.hca  and  carbonate  vary  greatly.  In  thi  report  the  te.^ 
calcareous  sarulslone  (Plate  VIIE)  is  applied  to  a  sandstone  Sth  suffiS 
.my  matrix  to  bind  the  sand  grains  firmly  together  so  that  the  r^k  i 
tough  and  hard ;  this  rock  is  light  grey  in  colour  and  has  a  blotchy  app.  .  ! 
ance.  The  term  sandstone  is  applied  to  a  sandstone  that  does  not  contain 
enough    hme   cement    to    be   detected    by   the  naked   eye  and  wW  h 

inwhTchMT'  f  "'"*''  ^"'^  '"'^Snesian  limestone  are  applied  to  rocks 
in  uh.ch  the  quartz  grams  are  not  visible  or  only  sparingly  so  and  which 
are  composed  chiefly  of  calcium  and  magnesium  carbonit"  The  two 
types,  dolomite  and  magnesian  hmestone.  differ  mineralogicaliy  and 
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of  this  formation  (Fiiriiro  2).  liidir  tht-  mi>TOM opo  the  limestones 
aj)pcar  to  l)f  m;i(lc  up  lUMrly  wholly  of  nili  ite,  kaolin,  and  some  brown 
inditinitc-  material  prohalily  iron  oxide  or  hittiminoiis  material  and  with 
practically  no  visible  quartz. 

lUack  River. 

The  rUack  River  formation  lies  above  the  Chazylimestoncand  below 
the  Trenton.  ICxten-ive  outcrops  of  it  are  founij  near  City  View  in 
Ncpean.  In  f  lloucester  it  outcrops  near  the  Canadian  Northern  K.iilw.iy 
cros.-inK  of  the  Rideau.  from  Ho^shack  southeast  for  2  or  3  miles,  .iiid  in 
a  n.irrow  belt  near  the  Montreal  road. 

'I  he  Black  ki\  .r  e\pfj;.ures  which  were  examined  are  almost  wholly 
made  up  of  limestone.  The  greatest  tot.d  thi<kness  of  actual  outcrop, 
measured  on  the  concession  road  2  miles  north  of  Hnwesville,  is  a  little 
over  40  feel;  but  the  formation  must  ix;  more  thar  SO  feet  in  thickness. 
The  limestones  vary  in  density,  but  in  places  much  of  the  outcrop 
consists  of  dense  grey  limestone  with  a  red  tint,  resemblinji  the  dense 
limestone  of  the  C'hazy.  A  few  thin  beds  of  c..!<-areous  shale  are  also 
proent  in  some  of  the  outcr..p.s  (Figure  2).  Three  thin  sections  of 
limestone  from  this  formation  were  examined;  they  consisted  of  calcite, 
kaolin,  and  iron  oxide  (I'late  VII  B). 


Trenton. 

There  is  a  belt  of  Trenton  in  the  southwestern  part  of  Xepean. 
The  formation  underlies  a  large  part  o,'  the  city  of  Ottawa  and  is  found 
in  a  narrow  belt  south  of  the  Black  River  area  in  the  northern  part  of 
(Gloucester. 

The  outcrops  of  Trenton  examined  were  made  up  almo.-,t  wholly 
of  limestone,  although  a  few  thin  beds  of  shale  were  seen  near  the  top 
of  the  sections.  About  50  feet  of  limestone  of  Trenton  age  outcrops 
in  the  road  east  of  >  re  Dame  de  Lourdes  cem.'tery  (Figure  2).  The 
form.nion  is  over  60  feet  .uul  ma\-  be  80  feet  thick  at  tlii-  place 

The  limestones  v;,ry  from  l"iiie-gr.iined,  d.irk  irey,  to  (luite  coarse- 
gramcd,  lirlit  grey  storn.-  with  a  lavt  nder  tint.  In  certain  outcrops 
there  arc  fine  b!,ick  partings,  and  in  one  of  the  quarries  in  Hull  certain 
of  the  beds  are  cherty.  I'rukr  the  micros(  i  ;  e  the  limestone  is  tnund 
to  consist  of  cakite,  kaolin,  and  1  rown  material  which  is  prob  il  ly 
largely  iron  oxide  with  perhap;  some  bituminous  matter  (i'late  VII 
C  and  D). 

Ulica  and  Lorraine. 

The  I'tira  and  Lorraine  formations  occupy  fully  one-half  of  Glou- 
f-eKter  township.  The  aica  has  the  shape  of  a  blunt  wedge  extending 
•ast  and  southeast  from  the  ape.x  of  the  wedge  at  the  city  of  Ottawa. 


The  formations  are  made  up  prituipally  of  shaU-s  with  orcasional 
thin  IhxIb  of  sandstone  and  limestone.  (hitiTojis  .ire  not  abun<iant  and 
there  is  >.eldom  more  than  a  fcx)t  or  two  of  strata  exposed.  Thes*-  two 
formations  contain  very  little,  if  any,  stone  that  can  be  used  for  road 
metal  and  no  attention  was  paid  to  them  in  this  work. 

Glacial  Deposits. 

Glacial  drift  in  the  form  of  boulder  clay  is  found  distributed  over 
nearly  all  of  the  area  surveyed.  Sands  and  gi.ivels  which  may  be  attrib- 
uted indirectly  to  glacial  action  are  not  so  widespread,  but  are  fairly 
plentiful.  Wherever  the  land  hat  been  cultivated,  Iwulders  which  inter- 
fere with  the  tilling,  that  is  those  ranging  from  al)out  5  inches  in  diameter 
up,  havelx-en  piled  together  in  fencesor  heaps  (Plates  III  B,  IVA).  On  the 
map  the  fences  are  shown  as  grouped  together  in  lM)ulder  areas.  The 
compositions  of  the  individual  fences  have  been  estimatetl  as  well  as  the 
average  composition  of  the  fences  included  in  each  of  the  boulder  areas. 
For  the  purjxjses  of  this  estimate  boulders  are  classed  as  hard,  soft,  and 
limestone  (page  55,  footnote).  With  the  exception  of  a  few  weathered 
gneisses  and  soft  schists  the  I're-Cambrian  boulders  are  all  classed  as  hard ; 
and,  since  no  rocksof  Fala-ozoicageare  classed  as  hard,  the  percentage  of 
hard  a?  "'ven  is  practically  equi  'alent  to  the  percentage  of  Prc-Cambrian 
boul'ler  r-.  the  deposits.  The  Pre-Cambrian  border  lies  no^th  of  Ottawa 
river,  auu  ihe  small  patcnesof  Pre-Cambrian  rocks  south  of  the  fiver  are  onlj 
of  local  importance  as  sources  of  border  supply.  The  limestones  and 
soft  boulders  are  usually  of  local  origin,  that  is,  they  are  derived  from  th« 
underlying  Palaeozoic  strata,  and  have  not  been  moved  more  than  20  miles 
from  their  original  position  in  the  bedrock.  The  northern  Chazy,  Black 
River,  and  Trenton  limestones  outcropping  in  Nepean  and  Glourestei 
townships,  for  instance,  were  practically  never  seen  in  the  fences  to  the 
south  of  those  townships.  A  number  of  small  hills  coveretl  with  larg« 
angular  blocks  of  stone  arc  found  within  this  area  (Plate  IV  BV  Mosi 
of  the  boulders  are  oi"  the  same  composition  as  the  bedrock  near  by 
They  lie  nearly  flat  in  a  matrix  of  boulder  clay  and  may  be  mistaken  foi 
outcrops  of  bedrock.  The  angularity  of  the  boulders  and  their  great  sizt 
indicate  that  they  were  moved  for  a  short  distance  only.  Boulde: 
hills  are  especially  common  north  of  Rideau  river  below  Kars. 

The  boulder  clays  were  undoubtedly  deposited  by  continental  ice 
sheets  and  it  is  possible  that  several  distinct  ice  advances  contribute* 
to  the  deposit.  A  large  amount  of  the  gravel  described  in  this  repor 
is  to  be  ascribed  to  rivers  within  or  directly  connected  with  the  glaciers 
Certain  boulder  and  sand  deposits  lying  above  the  marine  clays  an( 
sands  may  have  been  laid  down  by  floating  ice  (Plate  VI  B). 
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Marine  Deposits. 

Pt'posits  of  blue  stratifu'd  in.irint'  day  are  fountl  mar  Ottawa  river 
and  in  the  lower  strcli  lios  ol  Kidciu  riwr.  Satid.^  and  gravels  rarryin;^ 
marine  slielU  are  found  nea""  j.  _k  river  in  tlie  south  of  Ne|>e.ui  and 
alonK  the  northern  cd^e  of  North  (iower,  in  the  lunK  rid^e  riinnini{  from 
Bowesville  to  Keniptville,  and  Imrn  Keinptville  south  to  I'rescott  in  riduc« 
which  lie,  in  general,  near  iheedKesofihisterholnlacial  IxDulder  areas  rather 
than  .mion^jthem.  Thesesa!i<lsand«raveisareKenerally-ir,itilied  and  the 
shells  lie  in  most  rases  near  the  tnimi  the  tleiwisit,  the  lower  part  being  in 
manycasesa  fluvioglacial  gravel.  Shell*  are  fmuid  in  one  or  two  instances 
with  deiK>sits  cont. lining;  lar^e  Ixiiiiders.  Certain  marine  s.inds  and 
gravels  overlie  the  blue  marine  clay  and  both  (tverlie  the  lK)ulder  clays 
and  sands  and  gravels  of  !;laii.il  oriKin.  In  ses-eral  localities  near  Ottawa, 
however,  and  in  one  near  Keniptville  there  are  boulder  sand  de{v)sits 
lyinK  over  or  mixed  in  with  the  marine  sands.  The  marine  clays  and 
sands  are  generally  believed  to  have  been  deposited  diirin;;  the  Champlain 
epoch  in  an  arm  of  the  sea  which  occupied  the  Ottawa-St.  Lawrence 
basin  at  that  time.  Many  oi  the  marine  gravels  have  lieen  used  for 
road  and  concrete  work. 

STRUCTURAL  GCOLOGY. 

The  structure  of  the  formations  encountered  is  of  importance  in  so 
far  as  it  affects  quarrying  operations,  and  the  strength  of  the  stone. 

The  outcrops  of  Pre-Cambrian  ciuartz  diorite  and  quartzite  are 
generally  massive  and  show  very  little,  if  any,  sign  of  foliation.  The 
quartz  diorite,  outcrop  No.  5,  has  a  lew  irregular  fractures  through  it 
with  fairly  solid  stone  between.  The  rock  has  been  weakened  as  the 
r(  suit  of  earth  strains  which  have  torn,  sliced,  and  granulated  some  ot  the 
constituent  minerals,  ncjticeably  the  hornblendes  and  Jiu.irtzes.  The 
quartzite  outcro[)s  are  also  massive  and  the  bedding  planes  have  been 
more  or  less  obliterated  by  recrystallization.  Fine  plates  of  mica  lying 
in  parallel  planes  within  the  stone  indicate  that  it  has  f)cen  subjected  to 
stress.  The  resulting  strains  have  been  largely  taken  up  by  recrystal- 
lization of  the  rock  mass. 

The  limestones,  dolomites,  sandstones,  a"d  shales  of  the  Palaeozoic 
formations  occur  in  strata  or  layers.  In  the  district  traversed  the  beds 
are  in  general  flat  or  dip  at  low  angles  to  the  horizon  (Plate  II  B). 
Several  fault  planes  traverse  these  beds  in  the  northern  part  of  the 
area  cxamine<l.  These  faults  represent  breaks  in  the  earth's  crust  and 
the  beds  on  either  side  of  them  have  been  shifted  in  a  greater  or  less  degree 
from  their  original  position  relative  to  each  other.  Near  such  faults 
the  beds  generally  dip  at  a  high  angle  and  are,  in  places,  folded  and 
brecciated.     Oneof  the  most  important  of  these  faults  ciossses  Gloucester 
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township  in  .t  .  .thwi-surly  ilirtttidii;  it  nits  the  Mctralfi-  road  to  tli 
>outli  ol  l.iitrin:,  Kidcui  rivir  jii>t  .iliow  tin-  I  anadi.in  I'aiitit  Kailwa 
bridal-,  and  tin-  Ottawa  juht  abow  l.tniiiiix  island.  East  anil  Wf« 
faults  an-  Min  in  NcfKMn  north  of  Fallowfu'Id,  and  a  soutlnvchttrl 
tronding  fault  liis  ahout  oik  -half  mill-  north  of  Ridrau  river  from  Htrkctl 
Ialldin^;  west.  Minor  faults  oicur  at  H<i>;sl)a<  k,  in  Kcxklifff  park,  v,  -t 
of  Circins  irirk,  .md  at  othiT  placis. 

The  lte<ls  of  I'alaozoir  age  do  not  show  any  marked  evidence  < 
mechanical  strain.  Joint  planes  cross  the  bedded  rocks  an<l  they  tjenei 
ally  lie  at  right  ant;les  to  the  be<ldin^;  pK'.nes  and  to  ea<h  other.  Th 
Heekmantown  apj)ears  to  h.ive  Heen  subjected  to  jjre.iter  static  prcssur 
since  its  formation  th.in  .he  younj;er  rocks,  for  the  orij^ni.d  ^r  iins  ..f  th 
rock  lie  close  tot;etlier  with  few  interspaces  (IM.ii.  \n  ,\).  In  ih 
Chazy,  Hlack  River,  and  Trenton  limestones,  many  of  the  older  ^.r.iin 
are  rounded,  and  in  certain  ca.ses  ilo  not  touch,  the  iIlter^p.lces  beiu] 
filled  with  clear  calcite  of  later  oriKin  (I'l.ite  \'!I  H,  C,  D).  in  iiearl; 
all  cases  lM)th  the  limestones  and  dolomites  have  been  thoroUKhly  cem 
cntetl  by  calcite,  iron  o.xide,  and  kaolin. 
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MATERIALS    SUITABLE    FOR    HIGHWAY    CONSTRKmoN. 

Thri'C  diiHscs  ol  m.ittri.il  in  tlic  iriM  cxamincl  .iri'  .iN.iil.iMc  Im 
roati  (nnstriKiiiii.  'I'luy  .ire:  lu'dnxk  that  i>  ^trnw  in  plaic,  lield  ~-i  inc 
or  (jiaiial  Ixiuldir:^  tran>|H>rt«(l  lor  a  Kri'atir  or  k.ss  (li^^alHl•  from  dirir 
oriKiiial  outc■rop^,  and  t;ravfl. 


SI  MMAKV. 

Rflti'iif  Values  of  hedrock,  h'irld  Sionr,  and  {,raiil. 

In  till-  (Irtaik-tl  disrussion  in  tlii"  l.ittiT  p.irt  of  tlii  i  li,i|)tir  i'  i-  \mIiic-< 
of  the  tfin-f  kinds  of  niatfri.il  mcnlionf*!  arc  Iri.titil  M'par.i'cly.  A 
nuniliir  of  >anipU-  of  rai  li  have  Ixfii  tf>tcd  an<l  their  m  rvi( c  in  roads 
has  Ijfon  studiid  w hirixir  [)o->iliI('.  Tlic  results  of  lioth  lahoratory 
and  service  tests  indicate  that  the  hedntik  found  near  the  Lir^er  pari  of 
the  propositi  Ottawa-Prescott  highway  is  the  hesi  local  material  ol)- 
tainable  and  much  better  ih.in  the  field  stone  The  ((Jinparative  valiics 
of  field-stone  and  grave,  as  surfaeing  m,iterial>  in  any  giscii  loialitv-  are 
not  .ilways  the  same. 

Of  the  beflrock,  the  cnuirtzites  and  ([uartz  di<'rites  of  the  Pr  - 
Cambrian,  and  the  ralearer)us  >arid>tones,  niaKnesian  limestone.-.,  ,md 
dolomites  of  the  Hcckmantown  formations  K'ive  ne.irly  e(|iii\alent  results 
in  the  laboratory  tests.  The  results  of  tests  on  the  limestones  of  the 
Chazy,  Blark  River,  and  Trenton  formations  are  .ilso  nearly  eciuivalcnt, 
but  the  values  are  not  as  pood  as  those  obtained  fivr  the  roeks  letted  from 
the  Pre-("ambrian  and  Beekmantown.  Dolomites,  mapnesian  linu-iones, 
and  calcareous  sandstones  of  the  Beekmantown  ha\-e  given  e.\c-ellent 
service  for  four  years  in  water-bound  macadam,  under  traffic  of  .iboiit 
100  vehicles  a  day  with  very  little  if  any  maintenance.  Chazy  limolone 
has  also  given  good  service  under  the  same  conditions  with  much  nicjre 
expenditure  for  repairs.  The  Black  River  and  Trenton  stone  a()pareMtly 
fail  sr)mewhat  sooner  tmder  the  same  amciunt  of  traflic.  No  water- 
bound  macadam  roads  were  S'H-n,  which  were  con^'nicted  of  any  of  tlu 
kinds  of  stone  referred  to  above,  that  wvre  in  good  condition  after 
being  subjected  for  one  year  to  tralTic  of  150  to  200  whides  per  da^  ; 
in  most  of  these  cases  the  top  started  to  break  in  si.x  months.  Since-  a 
part  of  the  highway  when  completed  will  havi^  to  carry  that  amount  of 
traffic  and  move,  stone  of  the  kinds  referred  to  will,  if  used  on  it,  re(|uire 
.«ome  bituminous  binder.  Although  the  C  hazy  has  done  well  with  a 
bituminous  mat,  carefully  selected  Beekmantown  stone  should  require 
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less^  nuiintenance  because  of  its  higher  touKhness  and  lower  average  wear 
The  Beckmantown  dolomites,  magnesian  limestones,  and  sandstones 
and  the  quartzites  of  the  Pre-Cambrian  should  also  stand  up  better  thai 
the  C  hazy.  Black  River,  or  Trenton  limestone  in  a  bituminous  macadan 
or  bituminous  concrete  surface. 

The  values  of  the  field  stone  deposits  vary  from  place  to  place  and  ii 
many  cases  from  fence  to  fence.  Only  good  firm  stone  should  be  usee 
in  any  case.  Where  less  than  10  per  cent  of  the  stone  is  composed  o 
shale,  schist,  friable  sandstone,  or  badly  weathered  stone,  the  materia 
may  be  considered  fit  for  the  foundation  course  of  a  trunk  highwaj 
(Figure  3).  Very  little  if  any  of  the  stone  examined  is  of  use  in  th( 
wearing  course  of  macadam  roads  subject  to  moderately  heav\  traffic 
(Plate  III  A),  but  a  large  proportion  of  the  field  stone  can  be  used  toad- 
vantage  on  roads  carrying  less  than  100  vehicles  per  day. 

The  amount  of  variation  that  exists  in  the  lithological  character  ol 
the  gravels  is  nearly  as  great  as  in  the  case  of  the  field  stone.  Gravels 
that  carry  less  than  10  per  cent  soft  pebbles  may  be  expected  to  make 
excellent  macadam.  Nearly  all  of  those  in  which  the  percentage  of 
soft  pebbles  is  less  than  one-half  of  the  whole  will  do  well  under  light 
farm  traffic.  The  failures  observed  in  gravel  roads  were  very  numerous, 
but  they  were  due  three  times  out  of  four  to  poorly  drained  or  weak 
foundations,  or  to  the  failure  to  screen  pebbles  over  3  inches  in  diameter 
out  of  the  gravel.  Certain  of  the  gravels  carrying  less  than  10  per  cent 
soft  stone  and  free  from  impurities  are  fit  to  be  used  in  concrete  road 
construction.  One  such  piece  of  concrete  road  in  the  village  of  Kempt- 
ville  is  in  excellent  condition  after  three  years  service.  Kemptville  has 
a  population  of  about  1,200. 


Materials  to  be  Avoided. 

With  few  exceptions,  the  following  classes  of  materials  found  in  this 
area  may  be  considered  of  extremely  doubtful  value  for  road  work:  all 
kinds  of  weathered  rock,  especially  weathered  calcareous  sandstones  of 
the  Beekmantown;  light  coloured  coarse-grained  granites  and  the  schists 
of  the  Pre-Cambrian;  outcrops  within  areas  marked  Potsdam;  friable 
sandstones  of  the  Beekmantown  containing  little  or  no  lime;  outcrops 
within  areas  marked  Chazy  shale;  shales  within  the  Chazy  limestone. 
Black  River,  and  Trenton  formations;  outcrops  within  the  areas  marked 
Utica  anfl  Lorraine  formations;  aggregates  of  field  stone  which  carry  too 
high  a  percentage  of  soft  boulders  to  make  the  elimination  of  such 
boulders  by  hand  sorting  practicable;  and  gravel  deposits  carrying  over 
SO  per  cent  soft  pebbles. 
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BKUROCK. 


Outcrops  of  bedrock  are  comparatively  plentiful  near  the  Ottawa 
and  the  lower  part  of  the  Rideau  rivers,  in  the  southwestern  and  western 
part  of  Nepean  township,  in  partsofOxford  and  Edwardsburyh  townships, 
and  near  the  St.  Lawrence  in  Augusta  township. 

In  the  following  section  the  comparative  values  of  thebetti-r  classes 
of  stone  outcropping  as  bedrock  are  discussed.  They  include  (lu.irtzites 
and  fjuartz  dioritcs  of  the  Pre-Cambrian ;  calcareous  sandstones,  nia.i,'ne>ian 
limestones,  and  dolomites  of  the  Beekmantown;  and  limestones  of  the 
Chazy,  Black  River,  and  Trenton.  The  stone  is  compared  both  as  to  its 
relative  strength  as  shown  in  laboratory  tests  and  the  service  it  has  given 
under  actual  traffic  conditions. 


Laboratory  Tests 

The  results  of  tests  made  upon  stone  from  this  area  are  given  in 
Appendix  A,  Table  I. 

In  order  to  have  a  standard  of  comparison  it  is  well  to  mention  the 
limits  that  have  been  set  upon  the  values  for  the  toughness  and  per- 
centage of  wear  of  stone  that  is  to  be  used  in  macadam  construction. 

The  specification  adopted  in  October  1914  by  the  American  Society 
of  Municipal  Improvements  stated  that  broken  stone  used  in  a  broken 
stone  road  "shall  show  a  French  coefficient  of  wear  of  not  less  than  7 
(per  cent  of  wear  5-7)  and  its  toughness  shall  not  be  less  than  6."  The 
maximum  per  centofwear  suggested  by  a  committee  of  the  American  Soci- 
ety of  Civil  Engineers  in  1917  was  5.  The  broken  stone  used  in  the  wearing 
courses  of  a  bituminous  macadam  or  bituminous  concrete  road  "shall 
show  a  loss  on  abrasion  of  not  over  .^-7  per  cent — and  its  toughness 
shall  not  be  less  than  13." 

The  United  States  Office  of  Public  Roads'  sets  the  limits  of  toughness 
for  stone  used  on  roads  subjected  to  a  traffic  of  less  than  100  vehicles  a 
day  at  from  5  to  9  except  in  the  case  of  bituminous  concrete  where  the 
lower  limit  is  7.  On  roads  subjected  to  from  100  to  250  vehicles  a  day 
the  minimum  toughness  is  10  for  macadam  and  bituminous  maca<lam, 
and  13  for  bituminous  concrete.  For  roads  carrying  over  250  vehicles 
the  minimum  tr)URhness  is  19  for  water-bound  macadam,  10  for  macadam 
with  bituminous  mat  and  bituminous  macadam,  and  13  for  bituminous 
concrete. 

The  Pre-Cambrinn  (iiiartz  diorite  and  quartzite  tested  (page  38), 
have  a  toughness  value  high  ciiou,i;lt  and  per  cent  nf  wear  low  tiiiiu:^!)  to 
fit  them   for  use  on   roads  suhjcitid   to  light   trat'lic.     The  sample  of 

*  "Relation  between  the  proiTertifS  of  l-dr'in*'?*.  ^t\<\  tnni'hni^iw  nf  ro:»tl  hulltlin ,  to.k."  bv  Pt'.vost 
Huboard  and  F.  H.  Jackson,  jiiii.,  Jour,  oi  .\^rii:ultiiral  Reseaich,  vol.  V.  No   IM.  Feb.  7.  1'*!'.,  pp.  ^()(^.  ^07 
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I'ot^dam  sandstone  with  a  tf)ughncss  of  4,  anu  per  cent  of  wear  of  8 
unsuitable  for  road  work. 

The  eleven  samples  tested  of  the  calcareous  sandstones,  dolomil 

and  magnesian  limestones  of  the  Beekmantown,  range  from  5  to  13 

toughness  with  an  average  of  9,  from  3  6  to  5-4  in  percentage  of  w 

with  an  average  of  4.5,  and  fro.a  25  to  149  in  cementing  value  with 

average  of  63.     Five  samples  tested  of  the  same  type  of  stone  in  a  I5e 

mantown  area  some  50  miles  to  the  northeast  averaged  slightly  higl 

m  toughness  with  practically  the  same  percentage  of   wear   (Part 

Appendix  A).     According  to  the  specifications  mentioned  above  prac 

cally  ail  the  stone  tested  from  the  Beekmantown  is  suitable  for  use 

roads  subjected    to   light    traffic.     Its   toughness  is   probably   in   m. 

cases  sufticicnt  for  use  in  bituminous  macadam  sub  ected  to  a  tral 

of  up  to  250  vehicles  a  day.     Its  percentage  of  wear  is,  however,  son 

what  higher  than  the  limits  set  by  the  specifications  mentionetl      Te 

on   limestones  from  the  Chazy,   Black   River,  and  Trenton  formatio 

show  that  these  are  very  similar  but  they  are  of  lower  grade  than  t 

Beekmantown.     Samples  tested  from  these  three  formations  ran  frc 

t -4  to  6-4  in  percentage  of  wear  with  an  average  of  5-3,  and  from  4 

7  m  toughness  with  an  average  lying  halfway  between  5  and  6.     T 

Trenton  shows  a  slightly  lower  toughness  than  the  other  two.     It 

evident  that  the  average  qualities  of  wear  and  toughness  of  these  lim 

stones  he  at  the  very  lowest  limits  which  have  been  set  for  stone  used  < 

macadam  roads.     The  samples  tested  contained  little  or  no  shale  ai 

they  represent  the  limestone  members  of  the  formations  in  question. 

Sercice  Tests. 

Summary.  As  far  as  could  be  discovered  no  Pre-Cambrian  (juar 
diorites  or  quartzitcs  have  been  uswl  in  macadam  construction  in  tl 
area  examined.  Potsdam  sandstone  blocks  have  been  used  for  pavir 
in  Ottawa  but  not  in  macadam  work. 

On  roads  subjected  to  light  traffic  Beekmantown  dolomite,  magnesia 
limestone,  and  calcareous  sandstone  have  given  good  ser\ice  for  one  1 
two  years  when  placed  on  a  good  foundation  and  rolled  wet.  Whe 
properly  constructed,  roads  made  from  these  materials  remained  in  goo 
condition  for  four  years  without  maintenance  under  traffic  of  over  IC 
vehicles  a  day,  but  developed  slight  longitudinal  ruts;  and  they  have  al= 
proved  durable,  Init  the  top  has  been  drawn  out,  under  slightly  heavit 
traflu .  for  six  years.  Without  a  bituminous  binder,  and  under  traffi 
ranging  o%cr  150  vehicles  a  day,  such  roads  have  become  rough  with  man 
shallow  holes,  in  four  years.  A  tir%ia  B  dressing  on  a  wearing  coiirs 
of  this  stone  has  kept  the  road  in  good  shar)e  for  one  year,  under  iraffi 
ranging  from  150  to  200  vehicles  a  day,  and  has  failed  in  the  same  lengt 
of  time  under  lieu\icr  traffic. 
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A  road  of  Chazy  limestone,  water-hound,  properly  constructed  .iiid 
maintained  has  given  excellent  service  for  four  years  under  li^ht  tratlic. 
Chazy  limestone  with  a  constantly  renewed  mat  of  tarvia  B  was  in  good 
condition  under  moderately  heavy  automobile  traffic  after  five  years  and 
with  a  tarvia  X  top  after  two  years  service. 

A  road  of  Black  River  limestone,  water-I)ound,  and  properly  con- 
constructed  has  remained  in  good  condition  under  light  traffic  t'lr  one 
year.  With  a  tarvia  B  top  the  same  stone  has  failed  under  moderately 
heavy  traffic  in  one  year.  Waterbcund  Black  River  limestone  fmm 
anotlier  quarry-  has  become  very  dusty  and  worn  in  one  season  under 
mcxlerately  heavy  motor  traffic. 

A  road  r  n  ">n  limestone  has  worn  well  under  moderately  heavy 
traffic  for  oi  •-'  required  repatching  in  two.     After  thorough 

repatching  witn  i  .  j  stone  it  has  kept  in  fair  shape  for  one  \ear 

under  moderate  traffic  but  started  to  break  badly  under  heavy  teams. 
A  tarvia  A  top  with  the  same  stone  went  to  pieces  in  two  years  under 
ver>'  heavy  traffic. 

Details  of  Service  Tests}  Beekmantown  calcareous  sandstone,  dolo- 
mite, and  magncsian  limestone  have  been  used  on  roads  leading  Imm 
Ottawa,  on  a  road  going  north  from  near  Becketts  land'  \g,  and  on  several 
pieces  of  road  near  Frescott.  On  one  of  the  roads  leading  from  Ottawa 
a  stretch  of  2|  miles  over  which  the  traffic  is  heavy  in  summer,  ru.uiing 
from  200  to  500  vehicles  a  day,  about  one-third  of  which  are  mote/  drawn, 
was  surfaced  with  Beekmantown  stone  from  quarry  19,  showing  a  tough- 
ness of  10,  per  cent  of  wear  4-9,  and  cementing  value  of  101.  This 
stretch  was  covered  with  a  dressing  of  tarvia  B  and  sand  in  1914.  !n 
July  1915  it  was  rough  with  large  shallow  holes  2  to  ?>  inches  deep  and 
was  somewhat  dusty.  A  part  of  it  surfaced  with  tarvia  B  a  month 
previously  was  in  good  shape.  For  about  1^  miles  farther  out  the  same 
road  surfaced  with  the  same  stone  in  1909  and  rolled  wet  and  treated 
with  tarvia  B  in  1914  was  smooth  and  in  good  .shape.  The  traffic  on 
this  stretch  is  considerably  lighter  than  on  the  first,  from  125  to  225 
vehicles  per  day.  Still  farther  out  a  stretch  of  aliout  three-quarters  of  a 
mile,  surfaced  in  1909  and  rolled  wet,  was  rough  in  July  of  1915  with  the 
binder  gone,  but  contained  no  holes  and  was  otherwise  in  good  shape. 
Practically  all  such  strct(  lies  of  the  road  as  retiuired  repairs  were  patched 
and  resurfaced  with  tarvia  B  late  in  the  summer  of  1915,  after  the  time 
the  observations  recorded  here  were  made.  The  construction  and  n^ain- 
tenance  of  this  road  is  done  under  the  supervision  of  a  properly  qualified 
engineer. 

'  Details  refiardins  ttic  trafSc  over  roads  near  Ottawa  were  otitained  from  "Traffic  Census  I'VH,"  by 
Robt  r  Mi-.ir.  -xhich  appears  in  ".A.nr.'jal  Report  on  Hiehway  Imprnvement,  Ontario.  19IS,"  .\ppendix 
1)  Toronto.  1915. 
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A  road  leading  southeast  from  Ottawa  was  resurfaced  in  1911  u 
an  old  macadam  foundation.  The  foundation  was  reinforced  with  cob 
stone  ,n  places.  Over  this  the  broken  stone  was  placed  in  two  courses 
rolled  wet.  The  first  2  miles  out  of  Ottawa  were  surfaced  with  Bl 
Kiv.r  limestone,  the  remaining  9  to  10  miles  with  Beekmantown  dolor 
and  magnesian  limestone  (quarry  63,  toughness  9,  per  cent  of  w 
4-4,  .ementmg  value  25).  On  the  section  6  to  about  11  miles  out' 
the  cay  hm.ts  the  traffic  is  from  100  to  175  vehicles  pcT  day  running 
to  200  on  certam  days  in  the  summer.  Nearer  the  city  it  gets  hea. 
but  not  ^ery  much  over  200  vehicles  a  day.     In  June  1915  the  sect 

!  ,    "  ,    I  !"  ^  •""*■■"  ^"'"^  *^^  "^y  «'^s  "-ough  with  longitudinal  r 

and  broad  shallow  holes;  the  part  nearer  the  city,  surface*!  with  Bl; 

R.ver  limestone,  was  especially  bad.     From  6  to  11  miles  out  there  w 

shallow  longitudinal  ruts,  but  few  cross  ones,  and  the  road  could 

driN-en  over  at  high  speed.     In  July  1915  this  last  section  and  a  srr 

pan  of  the  section  nearer  the  city  were  patched  and  in  part  entir 

resurfaced  and  put  in  good   shape  by  wet  rolling,  largely  with  Be 

mantf,wn  stone  from  quarry  63.     In  November  1915  the  new  surf. 

had  begun  to  break  in  the  wheel  ruts,  in  some  places  every  10  feet  and 

others  every  50  fc-et.     The  unrepaired  portion  nearer  the  city  was  th 

m  bad  shape.    The  road  in  Marlborough  north  of  Becketts  Landing  « 

surfaced  in  1914  with  Beekmantown  dolomite  and  magnesian  limesto 

from  .iuarry/9  (toughness  13,  per  cent  of  wear  4-4,  cementing  value  7, 

1  he  traffic  is  light,  certainly  under  100  vehicles  a  day.     The  brok 

stone  was  placed  on  an  old  macadam  foundation  in  three  size.s  and  roll 

wet       n  September  1915  the  road  was  in  good  condition  with  the  hor 

track  slightly  worn  and  a  few  loose  stones.     A  stretch  of  the  river  ro, 

near  I  rescott.  surface.1  with  Beekmantown  dolomite  in  May  1914   w 

m  good  condition   in   November   1915.     The  Prescott-Ottawa  road 

concessions  II  and  III  of  Augusta,  just  north  of  Prescott,  was  resurfac. 

over  an  old  macadam  foun.lation  in  1912  with  Beekmantown  dolomi 

and  magnesian  limestone;  the  stone  was  not  rolled.     In  November  19] 

this  stretch  of  road  was  rough  with  longitudinal  ruts  all  over  the  surfa, 

to  a  depth  of  2  inches  and  almost  covered  with  water  after  a  heavy  rail 

A  driveway  in  Rockcliffe  park,  surfaced  with  Chazy  limestone  fro: 

?";'7-'  f  / toughness  6,  per  cent  of  wear  5-1,  cementing  value  104)  i 

191)aml  since  covered  with  three  coatings  of  tarvia  B,  was  in  good  shaf 

in    1V15.       Ihe   traffic   over   this   driveway  is   moderately  heavy   an 

IS  largely  motor  drawn.     A  driveway  in  th-  city  constructed  of  the  sair 

hmestonc  with  tarxia  X  in  1913  and  carrying  heavy  traffic  was  in  exce 

lent  condition  in  1915.    Both  roads  were  well  constructed  and  maintainec 

A  stretch  of  maca<lam  road  east  of  Ottawa  was  resurfaced  with  Chaz 

limestone  from  quarry  40  (toughness  7.  per  cent  of  wear  SO,  cemeni 


■■ 


17 


n  1911  upon 
withcobble- 
I  courses  and 
with  Black 
wn  dolomite 
;nt  of  wear 
lilcs  outside 
running  up 
?ets  heavier 
the  section 
tudinal  ruts 
with  Black 
:  there  were 
d  could  be 
ind  a  small 
irt  entirely 
with  Beek- 
lew  surface 
feet  and  in 
y  was  then 
anding  was 
1  limestone 
:  value  73). 
'he  broken 
and  rolled 
1  the  horse 
river  road 
1914   was 
■a  road  in 
resurfaced 
1  dolomite 
mbcr  1915 
he  surface 
eavy  rain, 
itone  from 
le  104)  in 
ood  shape 
eavy   and 
f  the  same 
s  in  excel - 
fiintained, 
th  Chazy 
,  cement- 


ing value  29)  in  1911.  The  material  was  properly  placed  and  has  been 
well  maintained  since.  The  traffic  over  this  road  varies  from  IDO  vehicles 
a  day  up  to  nearly  200  in  the  summer.     It  wa- I:,  good  shape  in  1915. 

A  stretch  of  macadam  road  about  3  miles  long,  in  Nepean  township, 
was  resurfaced  in  1914  with  Black  River  limestone  from  ((uarry  24, 
(toughness  7,  percent  of  wear  6-4,  cementing  value  22).  A  bed  of  2-inch 
stone,  3  inches  thick,  was  laid  down  and  rolled,  and  one  mile  of  this  was 
treated  with  tarvia  B.  Of  the  latter  portion  about  three-fiuarters  of 
a  mile  is  subjected  to  a  traffic  of  60  to  90  heavy  wagons  a  day,  some  of  them 
carrying  up  to  5  tons  of  stone,  and  an  additional  traftic  of  nearly  200 
farm  rigs  and  some  motors.  In  1915  this  surface  had  worn  to  broad 
ruts  up  to  3  inches  deep,  but  was  still  in  fair  shape.  The  rest  of  the 
road  was  water-bound  macadam,  in  fair  condition  for  one  mile  p.isi  the 
point  where  heavy  traffic  stops  and  in  excellent  condition  for  the  rest 
of  the  way  under  traffic  of  less  than  100  vehicles  a  day. 

A  road  in  Gloucester  just  outside  of  Ottawa  surfaced  with  Black 
River  stone  from  quarry  SO  (toughness  6,  per  cent  of  wear  4-7.  cement- 
ing »alue  20)  was  patched  in  May  1915  with  2  inches  of  stone  from  the 
same  quarry.  The  stone  was  rolled  wet  and  the  road  put  in  good  shape 
all  through.  The  new  stone  cemented  quickly  and  began  to  wear 
immediately.  By  September  the  road  was  very  dusty  and  ruts  had 
begun  to  form  again.     Tl  Tic  varies  from  about  80  vehicles  at  one 

end  of  the  road  to  nearly  30t  ^  other. 

Part  of  a  macadam  road        ding  east  from  Ottawa  was  surfaced 
in  1910  with  Trenton  stone  from  quarry  32  (toughness  5,  per  cent  of  wear 
4-4,  cementing  value  40).     The  broken  stone  was  rolled  wet.     In  1913 
a  surface  of  broken  stone  with  tarvia  A,  2  inches  thick,  was  i)lace(l  on  twr. 
stretches  near  town,  each  about  one-quarter   mile  lon^.'.     The   lir>t,   a 
suburban  street,  under  heavy  traffic.  600  vehicles  a  day  and  over,  was  in 
very  bad  shape  and  full  of  holes  in  1915;  the  other,  outside  the  >.ime 
suburb  with  traffic  of  300vehiclesoroveraday,wasinfairshapewith^onu• 
largcshallowholes.    Astretchfromlto3^milesoutof()ttawa  was  Mirt.ired 
in  1910  with  Trenton  stone  from  quarry  38  (toughness  4,  per  cent  of  wear 
4-7,  cementing  value  75)  and  patched  at  intervals  since.     Part  of  this  ro.id 
is  subjected  to  the  heavy  traffic  of  stone  wagons  and  all  of  it  Xn   iiito- 
mobile  traffic.     The  tot.i!  traffic  is  over  200  and  is  probably  clos,-  t..  .i(t) 
vehicles  a  day  on  the  part  near  town.     In  the  summer  of  1915  tli.ii  !).irt 
of  the  road  over  which  the  stone  wagons  passed  had  numerous  -h.illow 
holes  and  ruts,  but  the  other  portion  was  in  better  condition  witti  only 
occasional  holes.     The  maintenance  on  this  road  is  excellent.     .Niu.tlier 
road  nearby,  subjected  to  light  or  medium  traffic,  was  surfared  in  1912 
with  Trenton  limestone  from  (luarry  38  and  rcpatcheil  in  1914.      It  was 
ir.  excellent  condition  in  1915. 


18 


Rchition  between  Slreni^th  am!  Texture. 
Th.  r.!.,ii„n  hcuurn  cvruun  t.xtur.,I  rharartcrs  „f  the  .o.limont 
rocks  an.l  ,   nr  ,n„,h„..ss  was  s,u,li..,l  „nd.r  tl,..  n>icTc,.-„,..  an      "   n, 
-f  .iH.nmal  analj.cs.     Th.-  con,  luMon.  armvd  at  are  onK    t  n     t 

'■aln  ..  or  doI..nUe.     TIu-  „.,„lu>,  ILnest-u.  and  .lolon.i    's    pp  •  .r 
f-  .'i-se  ,n  whuh  rather  .uali.  angular  .r.ins,  „f  nearlv      e    Z  ^" 
|.f  -rnpure  carbonate,  are  cl..ely  pa<ke,l   together  d'iate  VI     A 
«..   .r  n,cks  are  those  in  which  impnre  ,rain.  of  carbonate  or    ^J^ 
of  >u.h    ,np„re  gnuns  are  separated  by  lar.e  areas  of  pure  carbon 
VXhen.  the  .rants  are  lar,e  and  xary  ..rea.h-  in  size  the  rock  te  do 
of  lower  lon-hness    Plate  VII  I ))      Tl„  .       i  j    <-  "'^k  unas  to 

I'' 'iMian.  sandstones  also  show  evidences  of  recrvstallization  bnt  f , 
'■"-  '-"-t  is  absent  and  their  ton«hness  is  low.     'I^e  ^^  ^    . 

s!::::;;::;:"'"^  ^""'"-"^^ ''  "^^  Heekmantown  is  to  be  ai^i,;:;  u! Th 

Commercial  Developnteiit. 
Sn.,11   qt.arries   have  been   opened   at  a   number  of  place,   in   th. 
lH.ek,nar,,„w„  forn>ation,  but  in  verv  few  .,,se.  lune  n>nre  •'  u,  I 

'A  no.  1--'.  .UH\  Irom  ^c.veral  others  near  Pnsrott  have  been  crn^he, 
-.    u...  n,  n-acadant  work;  stone  taken  fron.  the  rest  of    ,  e  ,      ,  ^ 

^  ^  2  '  t"i"'"      '",'";":!^  ""^  '■"^''  '"  '^'^-^ ""-  P--  -n 

Ze      S,v       .  1  '        ""■''•  •''"  '^'^''^"''  '"■'^•^■•^'  I-esuntably,  for  quarried 
stone,     heveral   lar,e  quarries   have  been   developed   in   Cha^v^   Rla- 
Rn errand   Trenton  stone  in  the  immediate  neighbourhood  of  Ott     a 
The  Tren  on  stone  has  been  extensively  developed  and  one  exc"     bn 
No..  -> . ,  .8,  ,s  about  one-quarter  of  a  mile  long  by  over  100  yards  in  width 
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with  •:.  depth  of  ahotit  5  yards.  Thert-  arc  nunuTDUs  small,  r  (|ii:irri(  s, 
I  specially  in  tin-  'Inition.  Stoiii'  Iruiii  .(iiarri.  >  21,  2«>,  M,  M.  '••>'.  40, 
49,  50,  and  51  has  Ix-cn  (■r^l^l■.<  d  and  ^l^^'d  f(.r  ma.  ad, mi  work.  '1  ia  -imu- 
is  s..ld  at  20  Ci  iU>  IHT  tdii  in  piarc,  40  riiu«.  l«i  SI  ] cr  ton  (luanii-d,  and 
$1  1(1  S2  per  ton  iriisht-d  and  d.i'livtrwi  at  the  work  in  ( )ttawa.  A.  conlinis' 
tot!uirrespeitiveinanaKerstheRiikau("analSup[)ly  Company,  f  Ottawa 
prodi  (IS  4,000  tons  of  rnished  stone  in  suninur  at  their  (iiiarry  No.  24, 
aii.l  n.  Hupuis  and  Son  of  Hull,  (Jiieber,  i)rodu(e  l.=i(l,0(*0  toi>  pi  r  xcai. 
of  which  a  knve  proportion  is  crn^hcd  stone.  'I'lure  arc  no  ku>,i-  (  ru.-hii;;; 
plants  on  the  Ontario  side  ol  the  river  outside  of  the  one  n.enlioiied 
.dlhouuh  at  least  two  small  portable  enisiiers  were  in  oi>eralirn  in  1'M5. 
l.inustone  from  the  Hla.  k  River  and  Trenton  i^  u^ed  CNtin-isely  lor 
tiiiiidin;^  and  dimen>ion  stone. 

Nea.r  Ottawa  a  great  many  of  the  outrroi)>  lie  in  e.Marpmeni^  taeinv? 
the  riar  and  there  are  no  great  ohstade^  to  be  ovenonie  in  the  a(  tual 
proi..-s(,l  ([U.irrying.  F.searpments  of  this  kind  ranging  front  5  U.  1.^  feet 
are  also  found  in  the  ridge  north  of  Jork  river  in  Nepean,  near  tlu  Met- 
.alfe  roatl  in  C.lourester,  in  places  near  the  Kideau  river  in  Marllion  iigh, 
in  (oncessions  VIII  and  IX  of  Oxford,  near  Spencerville,  and  near  the 
river  front  at  Frescott.  There  are  also  a  great  many  outcroi)>,  e-pe.  ially 
of  ISeekmantown  stone,  which  scanely  rise  over  the  general  le\cl  ot  the 
.oiintry  and  which  would  he  more  difficult  to  (piarry  both  because  of 
p<  or  dr.iinage  and  lark  of  natural  faces  to  bl.ist  to. 


Outside  Soitrci's  of  Supply. 

Stone  can  be  transported  to  the  neighbourhood  of  the  proposed  road 
by  thi>  Canadian  Pacific  and  Creat  Northern  r,iilwa\s  ,ind  by  s.  .w  on 
the  Kideau  canal.  The  Otiawa-l'rescott  branch  of  the  fan.  •li.m 
I'atific  lies  near  tiie  road  from  Kdiiptville  to  I'rescott  liiit  not  n.^rlli  of 
th.it  section.  Between  Kempton  and  I'rescott  there  is  a  sidin.;  ani  roxi- 
ni.:;.lv  every  4  miles;  two  of  these  are  close  to  tlie  road,  the  f.irthest 
2.1  miles  froin  it.  Ride.ui  junction  is  th(>  only  unlo.iding  loini  <  n  the 
t',,i.i!i.:n  Xorlliern  which  lies  closi   lo  tlic  route, 

Ridoiii  Cam:!.  Tlu'  Ride.ui  ca  1  !i.  s  to  the  east  of  tlu>  route  in^m 
Kenip'txiile  to  Olt.iwa.  Mr.  A.  T.  ]1iiliii>s,  siiperinleiidinu  <  ;•.  ireer 
of  the  Ridea.ti  canal,  has  kin.'.ly  furnished  the  Icllowiii-  iiiiMriiLition 
u-.::n'iiig  the  cha.nces  oi  Iraiispc  riing  stone  t.>  tile  \i.initv  •■;  lla-  r.  .ad 
on  ill, it  w.ilerway: 

"The  water  in  the  bills  ,in<l  in  the  cuts  of  thi;  Ri.ican  ranal  has  a  inininuiui  .l.|.lli  of 
from  45  to  ,S  feel ,  Stows  carrvinj;  from  llHl  lo  1 7,=;  tons  of  lirok.n  stone  can  |)„ss  through 
the  .anal,  and  landings  can  l)e  made  at  the  f.jllowin;;  iKjints  l]etween  the  my  ol  Ottawa 
and  Kemptvillc: 

(1),  M  M.itT.it's  Rravel  pit  alx)Ut  one  niile  above  IIoKshaek  Lock  station. 
(2).  At  HuiiKry  bay  about  one  miie  above  the  last  :iieiUioiicd  pla.-o  -n.-,  .-.ppns'.te 
Pollard's  farm. 
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(3).  At  the  lite  of  an  old  wharf,  §ince  removed,  above  the  locks  at  Black  Rap 

and  around  the  point  atx>ve  Howe's  ramp. 
(;•)•  On  Johnston's  farm  1)  miles  above  the  last  point;  this  is  on  private  proper 
(5).  From  1  to  U  miles  farther  up  a  landing  can  be  made  at  Mansfield's  far 

close  to  the  road. 
(6).  Manotick  wharf.    This  wharf  is  in  very  poor  condition. 
(7).  Farther  up  the  river  a  landing  can  be  made  near  the  former  site  of  a  Method 

church. 
(8).  From  this  place  (No.  7),  to  Kars,  landings  can  be  made  at  a  number  of  poii 

on  private  grounds. 
"The  facilities  for  landing  are  not  very  good  from  Kars  to  Kcmptville  creek. 


(9). 
(10). 


A  loaded  scow  can  be  taken  up  Kemptville  creek  through  kemptville  t< 
wharf  below  the  swing  bridge.  The  wharf  is  the  r^roperty  of  the  to 
of  Kemptville. 


The  land  on  both  sides  of  the  Rideaii  canal  from  Kingston  to  ni- 
Smiths  Falls  was  prospected  by  the  writer  in  the  autumn  of  1916,  f 
deposits  of  first  grade  road  material.  Only  ti^ree  localities  seen  need 
mentioi  I  here.  Between  Adam  lake  and  Noble  bay  on  the  farm 
James  Tully  there  is  a  diabase  or  dolerite  dyke  from  which,  under  favci 
able  conditions,  from  5,000  to  8,000  cubic  yards  of  solid  rock  can  1 
obtained.  This  will  have  to  be  hauled  about  one  mile  over  a  hilly  ro; 
before  it  can  be  loaded  into  scows.  From  that  point  *^  Becketts  Landin 
where  the  first  unloading  can  be  done  for  the  Prescott  road,  is  about  ' 
miles  with  sixteen  locks  to  pass.  Deposits  of  a  fine-grained  stone,  whii 
may  be  spoken  of  as  meta-andesite,  occur  on  the  shore  of  Opinicon  lal 
south  of  Chaffey  Locks.  About  15,000  cubic  yards  of  rock  can  I 
obtained  within  one-half  mile  of  Chaffey  Locks  station  on  the  Canadit 
Northern  railway,  fromwhenceitcan  be  hauled  by  rail  to  Rideau  Junctio 
a  point  on  the  Prescott  road  near  Ottawa.  The  water  offshore  is  t( 
shallow  to  consider  hauling  of  the  stone  by  boat.  Near  Seeley  bay  the 
is  a  deposit  of  diabase  containing  nearly  50,000  cubic  yards  of  sol 
stone  that  can  be  developed  without  great  difificulty.  This  locality 
about  75  miles  from  Becketts  landing  on  the  Prescott  road  with  twint 
four  locks  to  pass.  The  small  amount  of  stone  which  can  be  carried  \ 
barge  through  the  canal,  will  probably  make  the  cost  of  hauling  by  wati 
rather  high.  The  meta-andesite  is  a  tougher  and  more  durable  stoi 
than  the  diabase. 

Canadian  Pacific  Railway.  The  north  shore-line  of  this  rail\v;i 
between  the  citie.s  of  Ottawa  and  Montreal  passes  close  to  a  large  numh 
of  deposits  of  diabase  and  other  igneous  rocks,  which  were  e.\amined  an 
tested  in  the  summer  of  1915.  None  of  these  deposits  have  been  quarrit 
for  road  stone  except  in  a  small  way  for  local  use.  Good  stone,  kersantit 
augite  syenite,  and  diabase,  lies  near  a  spur  of  the  railway  at  the  tow 
of  Buckingham,  20  miles  from  Ottawa;  and  rather  coarse  diabase,  c 
fair  quality  only,  lies  on  a  lumber  railway  north  of  Fassett  at  a  distant 
by  rail  from  Ottaw.T  of  57  miles.  The  other  deposits  ;irc  n  mi!.-  <.r  moi 
from  the  railway      For  further  details  see  Part  II  of  this  report. 
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The  Gatineau  branch  of  the  Canadian  Pacific  was  prospected  for 
d-  base  for  20  miles  north  of  Ottawa,  but  without  success.  From  4J 
to  10  miles  northwest  of  Hull  station  there  arc  larse  deposits  of  diabase 
in  the  Laurcntian  hills.  They  cannot  be  considered  available  for  this 
road  without  the  building  of  special  spur  lines  to  them.  The  tests  made 
upon  them  have,  however,  been  included  in  Appendix  A,  Table  I. 

The  Canadian  Pacific  main  line  from  Montreal  to  Toronto  passes 
through  Pre-Cambrian  rocks  between  Perth  and  Tweed.  Perth  is  about 
32  and  Tweed  99  miles  west  of  Kemptville  junction.  From  Tweetl  west 
to  Havelock  trap  deposits  lie  only  a  few  miles  north  of  the  railway. 
About  3  miles  this  side  of  Havelock  the  Ontario  Rock  Company,  Limiteti, 
of  Toronto,  operates  a  trap  quarry  and  crushing  plant.  The  quarry  is 
about  127  miles  west  of  Kempton  junction  where  connexions  are  made 
with  the  Ottawa-Prescott  line.  The  Ontario  Rock  Company'  produces 
first  class  crushed  trap.  At  the  writer's  request  the  managing  director 
of  the  company  has  furnished  the  following  information  regarding  the 
quantity  of  stone  that  can  be  prcxiuced  at  the  quarry,  and  prices.  The 
annual  production  has  been  about  20,000  tons,  the  amount  being  regulated 
by  the  demand.  The  amount  can  be  increased  to  60,000  tons  without 
an  increase  of  equipment  and  by  working  a  day  shift  only. 

"The  ordinary  crusher  run  is  55  per  cent  of  stone  passing  2|-inch  and  retained  on 
t-inch  screen  (or  IJ-inch  as  required);  price  $1.15  per  ton. 

20  per  cent  passing  1-inch  and  retained  on  i-inch ;  price  $1 .65  per  ton 
17  per  cent  passing  i-inch  and  retained  on  J-inch;  price  $1.75  per  ton. 

Xic'e"s  a?^ "-b.  qu"a^  S'n'ca'flo^d  lot":  The  company  is  ready  to  accom- 
modatetErin  very  materially  to  the  s.ze  of  the  order.  Railway  rates  are,  in  general, 
Ttout Toc^nt^s  for  th^fiJri^  and  90  for  the  first  200,  but  are,  of  course,  also 

materially  modified  according  to  circumstances. 

This  is  undoubtedly  a  more  durable  stone  than  is  found  close  to  the 
road,  and  in  the  neighbourhood  of  Ottawa,  Kemptville.  and  Prescott, 
where  the  traffic  will  be  heavier  than  elsewhere,  it  would,  no  doubt, 
stand  up  better  than  the  local  stone  as  a  wearing  course. 


•r  mon- 


BOULDER  DEl-OSITS  OR  FIELD  STONE. 

Nearly  800,000  cubic  yards  of  stone  was  estimated  to  be  in  the  fences 
and  piles  found  within  the  area  mapped  between  Ottawa  and  Prescott. 
The  distribution  of  the  stone  is  in  round  numbers  as  follows:  55,000 
cubic  yards  in  Nepean,  81,000  in  Gloucester.  100,000  in  North  Gower, 
49,000  in  Marlborough,  and  83.000  in  Osgoode.  In  the  mapped  portion 
of  Oxford  there  is  216,000  cubic  yards,  in  South  Gower  28,000,  in  Edwards- 
burgh  138.000,  and  in  Augusta  42,000. 

~\  report  on  Uie  quarry  Including  rMulU  of  t«ti  I.  to  be  found  in  "Road  m.teri.1  survey,  to  1914. 
by  L.  Reinecke.  G«ol.  Surv.,  Can.,  Mem.  85. 
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The  inform' lion  obtained  regarding  this  stone  is  to  be  found  ii 
Appendix  B.  Tne  work  was  done  with  as  much  accuracy  as  the  tim 
available  permitted  and  the  estimate  is  thought  to  be  close  enough  fo 
practicable  road  building  puqx)si'ti.  Estimates  of  the  composition  wer 
made  whenever  a  marked  wiriation  of  the  boulder  content  apjx-arec 
The  variation  was  greater  in  certain  areas  than  in  others,  but  on  a 
average  probably  more  than  one  estimate  of  composition  was  mad 
fcr  every  200  cubic  yards  of  stcjne  measured.  The  amount  of  variatio 
lo  be  expected  is  indicated  in  that  part  of  Table  IV,  Appendix  B,  whic 
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Figure  3.    Relation  between  the  composition  ol   field  stone  aggregates 
and  their  per  cent  of  wear. 


gives  the  details  of  the  stone  in  Nepean  and  Gloucester  township 
The  average  comjxisition  of  the  different  areas  in  the  tables  must  L 
read  with  this  variat'jn  taken  into  consideration.  The  cumpositio 
of  individual  fences  and  even  of  large  portions  within  any  given  are 
in  many  (     es  varies  widely  from  the  geneial  average. 

The  Sj^cifications  drawn  up  by  the  American  Society  for  Municipj 
Improvements  for  broken  stone  roads  specify  that  only  material  whic 
has  a  French  coefficient  of  wear  of  7  or  more  (per  cent  of  wear  5  •  7  or  lesi 
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.hall  be  U8C<1  in  C:  surface  of  .i  water-boun.!  macadam  roa.l.  Only 
one  of  the  samples  tested  comes  up  to  the  re<iuire.l  stan.lanl  an.l  two 
others  approach  it  (Figure  3).     All  three  contain  a  small  p«rcentaKe  of 

soft  Ixiuldcrs.  ...         1  f J 

Many  miles  of  roa.l  in  the  southern  townships  have  »«en  >urfaced 
with  broken  field  stone.  The  stone  i^  in  many  cast-s  not  m  reene<l 
.U.n„>..d  in  the  middle  of  the  road,  and  not  n.lh.l.  It  .s  then  avo.ded 
by  traffic  for  the  lir^t  N.a.  an.l  wears  fa.t  after  it  i.  driven  over.  W hen 
pLxrly  constructed,  stone  carrying  aU)Ut  10  ,H-r  cent  uf  M_,ft  matenal 
in  th..  de,v,Mt  an.l  either  70  t..  90  ,H,.r  cent  of  limestone  ..r  ,0  t..  90  iH>r 
cent  of  har.1  iK.ulders,  has  in  nearly  all  cases  given  gocMl  service  lor  two 
years  an.l  in  s..me  cases  f..r  four.  When  there  is  a  nearly  equal  proi^Tti-.n 
of  hard  and  lime:-t..ne  boul.lers  th.-  pm.I  M.rfa.e  s.ems  f.  w.-..r  f..Mer 
This  n,av  he  caused  by  greater  al-rasi..n  in  th.-  r..a.l  l-e.l  of  a.lja.ent 
particles  dilTlerin^-  >.,mewh..l  in  hanln—  than  hetw.-.n  th..^e  that  are  ..f 
the  ^anu-  hard..e>s  or  toughness.  St,..u-  whi.h  .arrus  a  cnsuler  ible 
nmount  of  soft  materia!  .h..uUl  n.,t  be  ux'd  at  all  %vith.u.t  >..rt.n^;. 

IVa.ti.allv  all  .,f  the  pile.l  stone  is  within  luillin^  ,1,-taiu  e  of  i  l.ul.lic 
roa.l  an.l  n.-neof  it  is  of  intrin^.-vahu-ex-ept  a>  rath.T  ,Ku.r  le.ue  maienal. 
It  should,  therefore,  be  ..btainable  f-T  little  m.>re  than  the  pn.e  of  hauhns 
an.l  cru-hin..'.  Since  none  of  the  st..ne  over  1  foot  in  .hanu-..r  .an  be 
.■rn>he.l  in  the  p..rtal.le  ma,  hine<  .■.nnnmnly  in  >,-.■.  the  tota  anua.nts 
.iven  in  Table  IV  (p  ges61  to  75)  arc  .niuh  ^reat.-r  than  that  .,f  the 
material  which  can  be  rea.lily  um-.I.  The  table  ^ives  quantuus  .. 
stone  measuring  over  an.l  nn.Ur  2  feet  in  .lia.n.  ter.  The  >•'■-"'-'■  ''f 
b.a.l.krs  nu-asurinK  betue.n  1  an.l  2  teet  is  ^;en.rally  greater  taan  the 
number  measuring  o\-.'r  2  feet. 

Table  IV  is  larKelv  self  explanatory.  The  s.-lunu-  .,f  n-.„r.hnK  was 
changed  after  the  town'ships  of  Nepi-an  an.l  Gloucester  had  been  surv  .•ye.l. 
30  as  to  include  separate  estimates  f.,r  the  comix.sit.on  of  st.,ne  un.ler 
and  over  2  feet. 

Description  of  Field  Stone  Deposits} 
Nepean.  Nearly  80  per  cent  of  the  field  st..ne  in  Nepean  lies  in  a 
belt  a  few  miles  wide  stretching;  from  l-.a^lesun  .orners  to  a  ixant  s..uth 
of  the  mouth  of  Jock  river.  To  both  the  southwest  and  n«r» J^'^^^,  °f 
this  belt  are  wi.le  areas  devoid  of  any  stone  gravel,  or  be-,  rock.  1  he 
greater  part  of  the  remainder  lies  between  Cty  \  .ew  and  Otta^^a  river 
at  Westboro.  an.l  a  smaller  depcwit  is  f.)und  west  of  Graham  bay. 

Out  of  an  aggregate  of  55.000  cubic  yards  of  stone,  only  f^^'ven  areas 
with  a  total  quantity  o'  less  than  6.000  yards  ..arry  less  than  25  per 
cent  soft  stone,  that  is.  sandstone  and  shales,  and  seventeen  carry  over 


1  For  detailt  the  r«d(i  l»  referred  to  Appendix  B,  Table  IV. 
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40  jKT  o  Mi  JmlKitiK  from  tin  ri'sultN  of  t.  st!<  on  field  >iop.',  AjuKwIi^ 
Talile  III  inat«rial  that  carriis  over  25  jxt  cent  m  ft  siom-  i-- 
duniMf  «  ipi:  h  forivin  thr  foundation  t(»iir-.«'of  am  itadam  road.  I'l 
thiM-  Kn).inds,  thcriforc.  by  far  tin-  larK'i'st  part  of  the  stom-  in  this  toi 
ship  is  ui'tit  I.I  use  either  as  tlie  foundation  or  wearing  nn.rs*-  o 
macadam  kkhI  Ii  mii>t  be  remeniUnd  tlial  the  fonii)osiiions  n'v 
ither  arliitrarily  elided  areas  and  that  widiiri  si 
i.n  femes  and  piles  of  lielter  (|uality  than  the  avera 
v  by  earcful  selection  of  material  at  the  t  lusher  to 
!  fair  stone  from  the  deixtsits  m,  (x.i,  l)i;t  in  ar 
ih  t!  10  fx'r  cent  of  the  slone  is  soft,  s<  !i'r(i,,n  v  luld  har 
'he  most  |)r>>nii>iiiK  de|M)sits   ire  Nos.  1,  9,  20.  and 
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^  I.tMM>cubii   yards  of  piled  field  stone 

II  20.000  cubic  yards  lie  in  the  northwest! 
the  rest  is  ne.irly  all  concentrated  in  the  sou 
e.isteni  half  of  the  township  is  practic.illy  f 
'  I'ld  stone  in  Gloucester  varies  greatly  in  ch 
acter  fr.i'  t  place  to  |)i,i> .  .  In  Kcneral  the  stone  lying  southwest  of  I 
Bowesvillr-South  r.lou((>ter  gravel  ridge  is  very  high  in  soft  matcri 
and.  the  refore.  of  jKior  qi  ,ility.  The  stone  lying  south  of  the  Montr 
road  and  east  of  that  part  of  the  Metcalfe  road  north  of  l.eitrim  is  low 
soft  material. 

North  Gouer.  About  108,000  cubic  yards  of  field  stone  depos 
are  scaitere<l  over  the  township  of  Nf.rth  Cower.  rerha|)s  90  i 
cent  of  the  areas  in  the  township  average  10  per  cent  or  h 
soft  material,  and  the  majority  of  ihtm  ( ,irry  in  the  neighlxmrho 
of  15  per  cent  hard  ma.erial  and  75  to  W)  per  cent  limestone.  T 
limestones  are  pradi.  .illy  all  siliceous  magnesiaii  limcst<ines  or  dolomil 
which  lose  much  of  their  lime  upon  weathering.  The  thoroughly  weal 
ercd  dolomites  are  generally  as  soft  as  a  fri.ible  sand.stone;  the  unweat 
ered  stone  is,  as  a  rule,  excellent  road  ni.iterial.  The  field  stone  is  mc 
or  less  weathered,  ,nui  the  quality  of  any  particular  material  from  tl 
ncighbourhoml  can  be  much  improved  by  sorting  out  the  partly  disini 
grated  stone. 

The  result  of  tests  made  upon  two  samples  of  stone  from  Nor 
Gowcr  and  from  the  neighbouring  portion  of  Marlborough  is  giv( 
in  Table  III.  The  percentage  of  wear  is  ?>  in  one  case  and  7  in  the  oth( 
indicating  a  w  id»  range  in  durability. 

A  numl)er  of  roads  were  seen  in  which  field  stone  carrying  about  J 
per  cent  limestone  and  10  per  cent  soft  boulders  was  laid  from  one 
four  years  previously.     In  a!!  the  -urfares  that  had  been  d.-.wn  more  th: 
one  year  there  were  longitudinal  ruts;  in  two  years  the  ruts  in  the  whe 
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tracks  were  one-half  to  one  inch  deep.  The  road  surfaces  were  somewhat 
dusty  ufier  the  first  year.  In  some  ca«f8,  where  not  rolled  or  rolled  dry, 
the  field  stone  did  not  cement  reatlily;  however,  one  road  that  had  l)een 
rolled  wet  ujxin  construi  tion  ha<l  cemented  <|uite  firmly  in  about  one 
month     time  under  light  to  medium  country  traffic. 

Marlborough.  The  fwrtion  of  MarllK)rouKh  that  was  mapped  con- 
tainei!  over  49,(MH)  cubic  yards  of  tielil  stone  in  piles  r)r  femes.  The 
stone  from  MalakofI  south  apiK\irs  to  Ik-  of  better  quality  than  ih.it 
to  the  north.  Two  samples  of  stone  from  MarllK)rouKh  were  tested, 
Table  III.  The  road  from  Becketts  I-anding  to  Pierces  corners,  con- 
cessi()n>  I  and  II,  in  1914  was  surfaced  with  field  stone  and  was  ^m(H)th 
and  well  cementfil  in  191.S,  but  was  iK'ninning  to  Ret  slightly  dusty;  a 
part  nf  the  s;ime  mad  surfaced  with  bedrock  .ipiH-annl  to  wear  bi-i  ler. 

Oij;  '(wie.  Over  8.?,(MK)  cubic  yards  of  fiel<l  stone  was  estimated  to  lie 
in  fences  and  piles  in  Osgofxle  west  of  the  Prescott  ro.id.  The  iK)rtion 
^)Ulh  nf  {)sg(Kxle  Station  is  relatively  bare  of  stone  except  in  the  neigh- 
lH)urh(«>d  of  the  Prescott  road.  The  stone  varies  in  f|uulily  but  a  very 
iarite  number  of  the  dejxisits  are  high  in  soft  in.iterial  (Table  IV) ;  thi-,  is 
I-  .ecially  true  of  the  areas  along  the  northern  border  of  the  township. 
A  road  near  Manotick  station,  built  in  May,  1915,  of  material  carrying 
from  25  to  75  per  cent  soft  l)oulders,  was  not  firmly  cemented  in  August, 
and  showc<l  signs  of  wear  at  that  early  date.  In  this  township  field  stone 
hould  be  selected  with  care  and  defjosits  with  a  high  jK-rcenta^e  of  soft 
huiilders  avoided  w^herever  (X)ssible. 

Oxford.  There  is  more  than  215,0(M)  cubic  yanU  of  stone  in  that  part 
of  Oxford  which  was  surveyed,  and  except  near  Rideau  river,  the  distri- 
bution of  the  material  is  comparatively  uniform  throughout  that  area. 
Nearly  one-fourth  of  the  stone  is  over  2  feet  in  di.imeter.  The  gn-.iter 
number  of  deposits  carry  on  an  average  less  than  1(»  per  ct  nt  soft  stone 
U'late  III  B).  Two  patches  of  roa<l  made  in  1911  fn.m  held  stone  laid  on 
an  old  gravel  or  stone  macad.tm  foundation  were  examined  in  1915. 
The  roads  were  in  fairly  good  condition,  smooth  but  wiih  shallow  ruts 
.ind  a  few  shallow  holes  U'ginning  to  form.  They  are  subject  to  .i  traltic 
of  say  from  50  to  1.50  vehicles  a  day.  The  field  stone  did  not.  in  'itier 
case,  cany  over  10  per  cent  soft  in.iterial.  One  piece  of  rr)ad  s<julh  of 
Kemptville  surfaced  in  1910  with  stone  from  a  deposit  whi(  h  ;,'verag<xl 
89  i)er  cent  limestone,  9  hard  and  2  soft,  was  just  beginning  to  ijre  ik 
in  1915. 

South  OOU'er  and  Mountain.  About  28.000  cubic  sards  of  stone  arc 
estimated  in  the  fences  and  piles  of  South  (lower.  The  stone  resemlles 
that  in  Oxford  except  that  the  jx-rcentagc  of  hard  material  is  higher  m 
a  niiniber  of  thede^Hisits.     Over  2,600  cubic  yards  of  stone  were  exainint-d 
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in  Mountain  township.    The  deposits  are  described  in  Table  IV,  parti; 
under  OsRoode  and  partly  with  those  in  South  Gower. 

Eduvrdsburgh.  The  western  and  northwestern  two-thirds  of  Edwards 
burgh  was  examined  and  deposits  are  to  be  had  nearly  everywhere  in  tha 
area.  More  than  138,000  cubic  yards  were  estimated  to  be  present  i 
fences  and  heaps,  of  which  about  one-fifth  was  over  2  feet  in  diametei 
In  the  (jrcat  majority  of  the  deposits  less  than  10  per  cent  of  the  bouldei 
are  of  sandstone,  shale,  or  other  very  soft  rock,  but  a  considerabl 
amount  of  the  limestone  is  partly  weathered  and  rather  soft. 

A  good  deal  of  road  has  been  surfaced  with  stone  in  this  townshij 
In  many  instances  the  crushed  stone  is  spread  in  the  middle  of  the  roa 
to  a  width  of  about  5  feet  without  rolling  and  is  then  avoided  by  the  traff 
for  the  first  few  months,  and  in  some  cases  for  more  than  one  yea 
Where  the  traffic  has  gone  over  the  stone,  it  had  in  two  cases  becon 
dusty  and  developetl  shallow  ruts  in  one  year.  Four  patches  wei 
examined  which  were  surfaced  in  191.^  with  stone  carrying  10  per  cer 
or  less  soft  material;  all  of  them  were  slightly  dusty  in  dry  weathe 
Two  were  in  good  condition  although  not  firmly  cemented,  and  two  ha 
shallow  ruts  and  were  rough  in  places  due  to  loose  stone.  Two  patchi 
surfaced  in  1913  with  stone  carrying  about  15  per  cent  soft  material  we 
beginning  to  wear  decidedly  in  1915,  one  was  in  poor  shape  with  whe 
ruts  4  inches  deep  in  places.  Three  or  four  patches  of  road  placed 
1911  or  1912  were  uneven,  generally  dusty,  and  ruts  had  developed  to 
depth  of  3  inches.  One  patch  five  years  old  was  in  a  similar  conditio 
another  surfaced  with  softer  stone  at  about  that  time  had  gone  to  piece 
Field  stone  placed  over  gravel  in  1906  and  1909  had  worn  through  to  tl 
foundation  and  the  road  was  rough  and  much  in  need  of  repairs.  Tl 
traffic  over  these  roads  was  in  all  cases  light,  though  near  some  of  tl 
villages  it  might  have  amounted  to  nearly  one  hundred  vehicles  a  d; 
at  certain  seasons  of  the  year. 

AuRUsta.  The  amount  of  field  stone  estimated  to  be  in  the  southe 
and  eastern  part  of  Augusta  is  about  42,000  cubic  yards,  of  which  near 
one-sixth  is  over  2  feet  in  diameter.  The  stone  is  not  as  -iniformly  1( 
in  soft  material  as  that  in  Edwardsburgh ,  and  varies  in  comiK)sition  fro 
one  deposit  to  the  other.  A  considerable  amount  of  field  stone  has  be 
us<(l  in  surfacing  the  roads  and  in  nearly  all  cases  the  stone  was  obtain 
from  deposits  carrying  less  than  10  per  cent  soft  material. 

In  two  cases  observed,  where  the  stone,  carrying  about  5  per  ce 
soft  material  and  over  90  per  cent  limestone,  had  been  graded  and  rollc 
the  road  was  in  one  place  good  after  two  years  service  and  in  anoth 
still  good  but  with  some  one-half-inch  ruts  after  four  years'  service  unc 
light  traftic.  In  two  instances  observed  where  the  stone  ran  10  per  ct 
limestone,  80  to  85  per  cent  hard  and  5  to  10  [xt  cent  soft  material,  t 
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road  was  good  after  one  year's  wear  and  had  developed  ruts  in  the  wheel 
tracks  of  Lm  one-half  to  one  inch  in  four  years.  Four  stretches  of  roa 
ur  aced  with  stone  carrying  under  10  per  cent  soft  material  but  alx.ut 
S  same  amount  of  hard  and  limestone  boulders  have  worn  badly  m 
t^o  years'  time.  Two  of  these  were  portions  of  the  Prescott  road  and 
were  subjected  to  medium  heavy  traffic-the  others  were  side  roads. 

GRAVEL. 

Location. 
Two  large  irregularly  disconnected    ridges    of    gravel    lie    along 
Ride  lu  river  one  on  either  side.    One  commences  south  of  Jock  nver  in 
Netan  a  d  'Jlows  close  down  the  west  side  of  the  Rideau  to  Kars  m  North 
Go?er,  the  other  begins  near  Bowesvillc  in  Gloucester  and  stretche 
sTu^h  for  nearly  24  miles  to  a  point  in  South  Cower  some  3  m.les  east  o 
Kemp  ville.     Outside  of  these  two  main  ridges  there  are  a  number  o 
fm  Jdeposits  in  North  Cower.  Marlborough,  and  the  -"^hwestern  part 
of  Nepe^vn.  but  the  deposits  are  not  very  large  or  numerous.     Onb  an 
o  casTnal  occurrence  of  gravel  was  found  in  the  northern  parts  of  Nepean 
and  Gloucester.     South  of  Kem.ptviUe  in  Oxford  and  South  Cower  there 
are  numerous  gravel  deposits  trending  in  a  southerly  d';-;^-"-  J^^^^ 
are  also  found,  but  in  fewer  numbers,  in  Edwardsburgh  and  to  the  ma;^n 
of  the  river  in  Augusta  where  certain  of  them  trend  east  and  west.     The 
?orm  of  the  deposits  varies.     M.n-  v  of  them  are  long  and  narrow,  some 
extremely  irregular  in  outline. 

Character. 
The  gravels  were  examined  in  order  to  determine  their  adaptability 
in  the  construction  of  gravel  macadam  or  of  concrete  roads  and  to  obtain 
some  knowledge  of  their  probable  durability  in  macadam  -"cl  concrete 
road  surfaces  and  of  their  ability  to  bind  quickly  m  a  macadam  surface, 
also  to  gather  information  bearing  on  the  probable  «f  "8*^  «f  concre  e 
in  which  they  would  be  used  as  the  aggregate      In  Appendix  C  Tabk 
VI.  estimates  of  the  average  composition  of  the  pebbles  in  the  gravel 
and  of  the  relative  proportion  of  sand,  gravel,  and  boulders,  as  seen  m  the 
excavations,  are  given,  together  with  notes  on  the  impurities  present  be  ow 
the  surface  weathering,  and  such  other  notes  as  bear  on  the  character  of 
the  material  present.     It  should  be  borne  in  mmd  that  excavations  have 
exposed  only  a  small  part  of  the  deposits  present  in  this  area  and  that  all 
estimates  made  in  the  field  are.  therefore,  necessarily  approximate  only 
Except  where  a  statement  is  made  to  the  contrary  the  estimates  are  based 
on  examinations  of  unweathered  gravel.     It  is  assumed  that  weathe.^ 
gravel  will  not  be  used  where  the  harder  and  cleaner  unweathered  product 
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is  obtainable.  The  relation  between  the  durability,  as  expressed  1 
percentage  of  wear  determined  in  the  laboratory,  and  of  pebble  compos 
ion  is  discussed  below.  The  actual  wear  of  the  different  grav 
under  traflic  is  discussed  on  pages  31  to  37. 

The  binding  or  cementing  values  of  the  thirty-eight  representati 
samples  of  gravel  tested  were  so  uniformly  good  that  that  question  is  r 
touched  upon  further  than  to  point  out  that  the  presence  of  calcit 
carbonate  and  clay  in  appreciable  amount  below  the  wepthered  surfa 
gravel  would  indicate  a  gravel  with  good  cementing  value.  Angul 
pebbles  are  apt  to  compact  u  idcr  traffic  more  rapidly  than  round 
pebbles  and  so  aid  in  producing  a  firm  road  bed  in  a  short  time;  the  sha 
of  the  pebbles  is  also,  therefore,  mentioned.  An  example  of  angul 
slab  gravel  is  shown  in  Plate  V  B. 

The  strength  of  concrete  mortar  defends  on  the  grading  of  t 
aggregate  used,  on  its  relative  coarseness,  and  on  its  freedom  frc 
impurities.  The  more  uniform  the  proportion  of  the  different  sij 
present  the  stronger  the  ensuing  bond  is  apt  to  be,  but  on  the  other  hai 
a  rather  coarse  sand  makes  a  better  concrete  than  one-  in  ivhich  there 
a  large  proportion  of  fine  material.  An  approximate  estimate  of  t 
relative  amount;;  of  boulders,  gravel,  and  sand  present  in  the  pits  h 
lH.>en  made  and  is  given  in  Table  VI,  and  the  mechanical  analyses  of  t 
samples  which  were  tested  in  the  laboratory  in  Table  VA  (page  8( 
A  closer  determination  of  the  relative  amounts  of  fine  and  coarse  mater 
present  in  the  different  deposits  examined  was  not  practicable.  T 
presenceof  impurities  in  the  unweathered  portions  of  the  gravel  is  mentio 
ed  in  the  tables. 

Relation  between  Durability  and  Composition. 

Because  of  the  expense  involved  samples  from  only  thirty-eig 
out  of  some  two  hundred  dejyisits  examined,  were  tested  in  the  laboratoi 
The  average  comfX)sition  of  the  pebbles  was,  however,  determined 
nearly  all  of  the  d"fx)sits  in  which  excavations  had  been  made.  It 
therefore,  necessary  to  compare  the  composition  of  the  gravels  with  th( 
physical  characters  as  dctirmineil  in  the  lalxjratory,  in  order  to  make  t 
results  of  the  work  (jf  \  alue  to  road  builders.  A  list  of  the  gravels  test 
and  their  respective  comfxisitions  are  given  in  Table  V  (pages  76  to  7( 
Becauseof  theuniformly high cementingvalueof  the  gravels  and  their  grt 
variation  in  wear,  a  comfjarison  of  the  variation  in  per  cent  of  wc 
with  the  variation  in  conifKJsition  is  of  interest.  This  relation  is  illustri 
ed  in  Figure  4. 

In  determining  this  relation  the  percentage  of  soft  material  w 
considered  to  be  the  total  percentage  f)f  shales,  sandstones,  and  schis 
listed  as  "soft"  in  the  tables,  plus  one-half  the  percentages  of  silty  litT 
stones.     The  pebbles  classified  as  silty  limestones  are  partially  weather 
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Beekmantown  dolomites  and  magnesian  limestones.    Weathering   has 
greatly  weakened  the  original  fresh  pebbles. 

Unfortunately  only  forty-eight  samples  of  gravel  tested  in  1914  and 
1915  were  available  for  comparison  and  the  correlation  between  their 
percentages  of  wear  and  the  amount  of  soft  material  was  not  as  definite 
as  could  have  been  wished.  In  general,  however,  the  percentages  of  wear 
increase  with  an  increase  in  the  amount  of  soft  material  in  the  gravel. 
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the  pcrcmt^eof  i'lty  hmestcne  pebb'es, 

Figure  4.  Relation  between  the  pebble  composition  of  gravels 
and  their  p«T  cent  of  wear. 


The  American  Society  of  Municipal  Improvements  recommend 
that  the  stone  for  use  in  water-hound  macadam  road  shall  have  a  per- 
centage of  wear  of  not  more  than  5-7  (French  coeiiaient  of  7)  and  for 
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use  in  a  bitumen  bound  road  a  per  cent  of  wear  of  not  more  than  3- 
( French  coefficient  of  12). 

If  samples  of  gravel  and  broken  stone  give  the  same  results  for  wea 
m  laboratory  tests,  then  considering  the  methods  of  testing,  it  may  b 
assumed  that  the  stone  will  actually  wear  better  on  the  roads  than  thi 
gra\  cI.  For  this  reason  one  may  expect  that  gravel  having  a  percentag( 
oi  wear  of  over  6  will  not  be  suitable  foi  any  but  the  lightest  country 
traffic  and  should  not  be  used  if  better  material  is  obtainable.  Foi 
medium  heavy  traffic  the  limiting  value  for  gravel  cannot  be  mucl 
higher  than  3  per  cent  wear.  Gravel  v  ith  a  wear  of  from  3  to  6  per  cen( 
should  be  suitable  for  light  country  traffic.  For  convenience  in  th« 
present  instance  we  may  classify  a  gravel  with  a  percentage  of  wear  ol 
less  than  3  as  first  class,  from  3  to  6  as  second,  and  of  more  than  6  as 
third  class  respectively. 

From  Figure  4  ii  appears  that  of  the  twelve  samples  with  percentage 
of  soft  material  lower  than  10,  nine  rank  as  first  class,  and  three  as  second. 
Of  the  twenty-nine  samples  carrying  from  10  to  50  per  cent  soft  material 
four  rank  as  first  and  sixteen  as  second.  All  of  those  over  50  per  cent 
rank  in  the  third  class. 

Partial  weatheriii,'  is  responsible  for  abnormally  high  wear  in  certain 
of  the  samples  tested.  Other  factnrs,  such  as  the  variation  in  resistance 
to  wear  of  different  types  of  limes, )ne  for  example,  also  tend  to  prevent 
close  correlation  between  durability  and  composition.  It  may  be  said 
with  some  degree  of  safety,  however,  that  of  the  gravels  found  in  this  area 
those  that  are  clean  and  unweathered  and  carry  less  than  10  per  cent 
soft  material,  using  the  term  to  include  one-half  of  the  soft  limestones  as 
well  as  all  the  shales  and  sandstones,  will  wear  well  on  nearly  any  country 
road  in  the  district.  Those  with  more  than  10  and  less  than  50  per  cent 
soft  material  will  generally  be  suitable  for  light  country  traffic  and  those 
composed  of  over  50  per  cent  soft  pebbles  will  very  seldom  give  satis- 
tactory  service. 

Gravel-Pebble  Classification. 

Because  of  the  unsatisfactory  results  obtained  in  comparing  pebble 
composition  and  per  cent  of  wear  with  gravel  classified  according  to  the 
method  used  in  this  report  a  new  scheme  of  classification  for  gravel 
pebbles  has  been  adopted  for  future  use.  The  rocks  are  divided  into 
durable,  intermediate,  and  soft  types  according  to  their  average  toughnese 
values  and  percentages  of  wear.' 

D«rable  Types  Avenge  per  cent  wear  2-2  to  3  9,  average  toughness  1 2  to  25. 
Uiabase,  basalt,  andesite,  trachyte,  rhyolite,  porphyritic  rocks,  fine-grained  granite 
l.t.'^lfi  A  r^^  ^'8*'  percentages  of  biotite),  syenite,  diorite,  gabbro,  amphibolite, 
nornblende  and  pyroxene  gneiss,  quartzite. 

'  Lord.  E.  C.  E.,  "Relation  of  mineral  compodtlon  and  rock  ttructure  to  the  physical  propertiei  o(  road 
mineral!."  U.S.  Dept.  Agric,  BuU.  J«.  Table  I,  Wartiington,  DC.  1916.  p.  2. 
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Intermediate  Types.  Average  per  cent  wear  4  to  S-6.  average  toughness  5  to  12. 
Very  coarse-grained  granites  and  granite  carrying  u  large  ptrcentage  of  biotite,  syenites, 
dioritcs,  gabbros,  periflotite,  granite  gneiss,  gneiss  and  schist  (with  large  percentage 
of  hornblende),  mica  schist  (fairly  tou«h,,  limestone,  dolomite,  calcareous  sandstone, 
slichtlv  weathered  rocks  bt:longing  to  the  durable  types.     .      ,  .       , 

Soft  Types.  Average  jtvT  cent  w.ir  al)ove  5  6.  (-.neiss  (carr>ing  large  percentage 
biotite).  most  of  the  schists,  sandstone,  shale,  marble,  chert,  thoroughly  weathered 
stones  of  all  kinds. 

Twenty-nine  of  the  samples  consitlered  in  FiKure  4  were  re-e.samined 
and  their  pebbles  classified  acairdin^  to  the  above  plan.  Four  samples 
with  per  rent  of  soft  material  under  10,  came  into  the  first  class 
(percentage  of  wear  imder  3);  of  eighteen  samples  with  from  11  to  40 
IXT  cent  soft  material,  three  ranked  as  first,  11  as  second  (per  cent  of 
wear  from  ^  to  6) ,  and  4  as  third  I  pir  cent  of  wear  over  6) .  Of  the  ^e\  en 
samples  running  over  40  per  cent  soft  material,  all  but  one  ranked  as 
third  class.  The  percentages  of  soft  material  are  more  closely  related 
to  the  percentage  of  wear  than  under  the  old  classification;  but  the  great 
variation  in  the  physical  properties  of  the  same  kind  of  rock  may  be 
expected  to  cause  correlations  of  this  kind,  based  on  averages  of  rock 
types,  to  be  approximate  only.  To  meet  this  condition  .i  knowledge 
of  the  variations  of  the  physical  properties  of  the  bedrock  from  which 
the  gravel  pebbles  were  derived  is  retiuired. 

In  Appendix  C",  Table  V,  the  results  of  laboratory  tests  u(»n  samples 
of  gravel  in  the  area  mapped  between  Ottawa  and  Prescott  have  been 
placed  alongside  the  field  estimate  of  their  composition. 

Description  of  Gravel  Deposits. 

In  the  following  pages  the  character  of  gravels  in  the  different  town- 
ships is  briefly  describe<l,  together  with  such  information  as  could  be 
obtained  regarding  their  actual  service  on  gravel  roads.  This  section 
should  be  read  in  conjunction  with  the  tables  in  Appentlix  C. 

Nepean.  Large  deposits  of  gravel  lie  in  the  southeastern  part  of  the 
township  between  Jock  river  and  the  North  Gower  tnwnline.     Smaller 
areas  lie  just  north  of  the  mouth  of  the  Jock,  north  and  southeast  of 
Fallow-field  at  Eagleson  corners,   Britannia,  and  south  of  City  View. 
Two  large  deposits  lie  south  of  Jock  river,  one  2  miles  the  other  2i  miles 
long.     Six   pits   have   been   opened   in    the   northwesterly   one.     These 
excavations  show  that  the  deposit  varies  greatly  in  the  proportions  .>! 
sand  and  gravel,  as  is  generally  the  case  (Plate  VI  A).     The  proportion 
of  soft  pebbles,  shales,  sandstones,  and  soft  limestones  is  unusually  high. 
Samples  from  two  of  the  deposits  were  tested  (Table  V)  and  show  a 
very  high  percentage  of  wear.     Their  composition  indicates  that  the 
gravels  from  any  part  of  the  deposit  are  apt  to  wear  very  poorly  in  a 
macadam  road  and  in  the  only  inst;>nce  observed  of  the  use  of  these  gravels 
upon  roads  the  results  were  unsatisfactory  although   the  cementing 
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values  of  both  samples  tested  are  good.  In  the  other  large  depos 
lying  to  the  east  and  closer  to  Jock  river  the  gravels  are  very  similar 
character  to  the  one  just  described.  They  carry  high  percentages  of  s 
material  and  tests  made  up<5n  them  show  that  their  wearing  qualit 
are  poor  and  their  cementing  value  good.  In  most  instances  the  gravel  \ 
failed  when  used  upon  roads  subjected  to  light  country  traffic.  A  ro 
surfaced  from  pit  No.  26  has,  however,  given  fairly  good  results  unc 
light   traffic. 

Deposits  whose  composition  resembles  that  of  the  above  are  fou 
north  of  the  mouth  of  Jock  river  and  at  the  point  where  the  Canadi 
Northern  railway  crosses  the  Jock.  Two  deposits  lyin>;  north  and  es 
of  Pallowfield  carry  a  lower  percentage  of  soft  material.  The  grav« 
ha\e  been  used  in  local  roads  with  fair  results;  a  test  on  gravel  from  t 
northerly  one,  No.  11,  indicates  excellent  wearing  and  good  cementii 
(lualities.  Nearly  all  the  other  deposits  in  the  township  carry  a  hij 
[HTcentage  of  soft  material  indicating  that  they  will  not  wear  well. 

Uoucester.  A  gravel  ridge  begins  at  Gloucester  station  in  Gloucest 
and  .xtends  down  the  east  side  of  the  Rideau  to  a  p(jint  a  few  miles  fro 
Kempt  ville.  Two  large  flat  deposits  lie  east  and  southwest  of  Bowesvil 
and  a  gravel  ridge  crosses  the  Metcalfe  road  about  2  miles  to  the  nort 
of  that  \  illage.  A  smaller  deposit  is  found  just  west  of  Johnston  corne 
in  the  southern  part  of  the  township.  There  is  a  deposit  of  gravel  i 
Maikay  lake,  KockcIilTe  park,  and  on  the  road  east  of  Beechwoo<l  cem( 
ter\-,  but  no  gravels  were  seen  in  the  northern  and  eastern  parts  of  th 
township. 

All  the  gravels  in  Gloucester  carry  high  jierrentages  of  soft  materij 
and  n<,ne  of  them  can  be  considered  first  class  macadam  gravel  nor  ca 
they  be  recommended  for  roncrete  mad  construction,  although  th 
nnweathered  porti.jns  of  .several  deposits  ha\e  Ijeen  used  in  roncret 
buildin.us  with  success.  The  depth  of  weathering  varies  from  1  to  4  feel 
The  material  near  Bowesville  and  in  the  ridge  to  the  south  is  in  general 
rather  sandy.  There  is  .3  feet  of  marl  over  parts  of  the  gravel  tlejiosit  a 
Kdckliffe. 

The  results  of  tests  upon  five  samples  are  given  in  Table  V.  Tha 
portion  of  the  KockcIilTe  pit,  No.  .11a,  of  which  the  sample  was  taken,  i 
of  lair  <iuality,  but  it  is  better  than  the  average  of  the  whole  deposit  a 
tliat  place.  The  gravel  from  Lecuyer's  pit.  No.  41,  has  been  used  on  th, 
Bowesville  road.  This  gravel  and  the  great  maj<,rity  of  gravels  used  oi 
the  country  road  south  of  Ottawa  would  have  given  much  better  servic« 
1  f  boulders  over  3  inches  had  been  screened  out  of  the  top  dressing. 

^orth  Go-aer.  A  discontinuous  ridge  of  gravel  lies  in  a  southeasterlj 
direction  on  the  eastern  -idc  r.f  the  township.  Other  small  deposit.-,  ii, 
within  a  few  miles  of  the  village  of  North  Gower.     I'art  of  one  largt 
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gravel  deposit  in  North  Gower  has  been  included  with  the  Netx-an 
township  deposits.  The  pits  that  have  been  opened  in  the  main  ridjje 
or  ridges  lying  along  the  concession  north  of  Kars  and  also  the  pits  im 
the  river  road  south  of  Kars  contain  gravel  high  in  soft  pebbles.  Pit  Nc 
57  just  west  of  this  ridge  is,  however,  low  in  soft  material  and  so  an 
some  of  the  other  deposits  in  the  township.  The  gravel  roads  examined 
in  the  township  did  not  give  very  satisfactory  service,  but  their  failure  wa- 
in very  many  cases  partly  tlue  to  the  inclusion  of  too  big  boulders  or  to<« 
much  sand  in  the  gravel.  The  results  upon  samples  tested  from  N)nli 
Gower  (Table  V)  indicate  that  the  gravels  in  question  are  not  dur.il.lc. 
One  or  two  of  the  dep<jsits  which  carry  a  small  amount  of  soft  material 
and  of  silty  limestone  might  prove  to  be  of  better  quality. 

Marlborough.  Several  deposits  of  graxel  are  scattered  through  that 
part  of  the  township  which  was  mappe<l.  The  better  class  of  deiM(sit> 
lie  in  narrow  bars  north  of  concession  III.  The  material  has  not  been 
extensively  excavated. 

A  number  of  roads  have  been  surfaced  with  gravel  in  this  township, 
the  material  has  evidently  been  spread  in  a  good  many  instances  but  is 
seldom  or  ever  rolled.  The  gravel  is  in  the  greater  number  of  cases  low 
in  soft  material  (Table  VI)  and  the  condition  of  the  various  road  surfaces 
in  1915,  together  with  the  results  of  the  three  tests  made  on  samplo 
from  the  township  (Table  V)  give  a  fair  idea  of  what  may  Ix?  cxfwcted 
from  gravels  of  this  type  under  the  existing  methods  of  construction. 

AlK)ut  ten  difTerent  stretches  of  road  surfaced  with  gravel  from 
J.  McCurdy's  pit.  No.  75,  were  examined.  The  surfaces  had  been  laid 
from  one  month  to  six  years  liefore  and  all  of  them  subjected  to  light  and 
largely  horse  tlrawn  country  traffic.  One  portion  six  months  old  had 
not  yet  entirely  cemented;  stretches  from  one  to  two  years  old 
were  smooth  and  firm,  although  slightly  dusty,  and  only  one  piece 
of  road  had  shallow  ruts.  Two  stretches  four  and  six  years  old 
contained  round  holes  and  the  older  was  badly  in  need  of  repair. 
There  is  28  per  cent  soft  limestone  in  this  gravel  and  4  per 
cent  soft  shales  and  sandstones;  the  percentage  of  wear  is  2  5,  and 
cementing  value  40.  The  material  from  pit  84,  with  shaly  limestone 
10,  soft  material  3,  and  a  percentage  of  wear  of  4-8,  made  a  good  road 
under  medium  traffic  when  repairs  were  made  every  year.  The  gravel 
from  pit  No.  73,  with  90  per  cent  shaly  limestone,  5  per  cent  soft  shales, 
and  a  per  cent  of  wear  of  4  •  6,  has  worn  to  3-inch  ruts  in  one  year.  Gravel 
from  the  pit  of  R.  B.  Bowrin,  No.  72,  with  10  per  cent  shaly  limestone 
and  7  per  cent  soft  shales  and  sandstones  has  worn  well  for  one  year. 
There  is  no  doubt  that  in  many  cases  this  gravel  would  have  worn  better 
if  3-inch  stone  had  been  screened  out,  drainage  had  been  attended  to, 
and  the  road  maintained  with  more  care. 
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Osgoode.  The  gravel  mapped  in  this  township  is  nearly  all  oi 
close  to  the  Prescoit  road.  A  few  small  dejiosifs  are  found  in  the  b; 
of  the  Rideau.  AcTordinR  to  Table  VI  practically  all  the  K'ravils  c. 
a  high  [KTcentage  of  soft  pebbles  and  so  are  of  jjoor  quality  for  i 
work. 

A  sample  from  the  jiit  of  the  Canadian  Pacific  Railway  Comp 
near  West  Osgoode,  with  38  per  cent  soft  limestone  and  22  per  cent 
shales  and  sandstom's,  had  a  percentage  of  wear  of  4'8  and  ccnien 
value  of  114,  indicating  a  gravel  suitable  for  light  traffic  only.  The  gr; 
from  tJie  pit  of  Mr.  Allan  Mussel  on  Rideau  river  (fit  No.  105),  witl 
per  cent  soft  lime-tone  and  .^.S  per  cent  shale,  h.id  a  jwrcentage  of  w 
of  2-6  and  cementing  value  of  76.  The  lew  pe-rccntage  of  wear  is  rai 
surprising  in  this  case  because  of  the  large  amount  of  soft  material  presi 
The  gravel  is  s.iid  to  have  given  satisfactory  results  on  road  surf^ 
under  light  traftic. 

r.ravel  from  other  pits  in  this  township  has  also  Iteen  used  on  m 
and  in  many  cases  with  satisf.ictory  results.  Cone  reie  hluck>  made  fi 
certain  of  these  gravels  are  usetl  for  building  at  Osgoode  station,  . 
gravel  from  the  Canadian  I'acifK  railway  pit  has  been  u>ed  for  m.ik 
con(  rete  culverts  as  well  as  for  b.llla^l. 

The  large  pit  near  Osgoode  station  h  is  presumably  been  exc.iv.i 
by  St.  Mm.  shovel;  other  excavations  are  small  .ind  have  in  mo.-t  caKs  b 
opened  without  the  aid  of  machinery.  The  amount  of  material  avail.i 
along  the  Prescott  road  is  very  large,  but  great  poi lions  of  the  ar 
mapped  as  gr.ivel  are  undoubtedly  largely  sand. 

Oxford.  Only  the  eastern  li.ilf  of  Oxford  was  examined  and  in  ne.i 
all  of  th,  ■  area  gravel  deposits  are  to  be  found.  They  ,ire  very  alumd. 
within  alK)Ut  ^  miles  of  Kemiitville  and  to  the  south  of  it. 

Thecompositi(.nof  the  gravels  in  this  township  varies  greatly  as 
examination  of  Table  VI  will  show.  The  gravel  from  the  pit df 
Canadi.in  Pacific  railway.  No.  \^^,  may  be  taken  as  an  example  of  i 
better  cla.'is.  The  total  amount  of  soft  material  in  this  gravel  is  less  tl 
5  per  cent,  its  percentage  of  wear  in  the  laboratory  2-8,  and  cement 
value  26.  E.ght  pieces  of  roadway  surfaced  with  this  material  w 
examined.  The  under  soil  was  in  most  cases  gravelly  loam,  the  tra 
light  to  medium,  and  the  material  was  as  a  rule  simply  dumped  on  i 
road  without  rolling.  The  gravel  started  to  cement  in  about  th 
months  and  at  the  end  of  f)ne  year  a  good  firm  roadwn y  resulted.  Patcl 
of  road  from  two  to  three  years  old  had  shallow  rut  ieveloped  I 
were  otherwise  in  g(Jod  condition.  One  piece  ten  year  •.  1  was  in  f 
shape  although  with  ruts  2  inches  deep,  and  another  \,  much  old 
had  St.-  ed  in  fair  condition  with  some  patching.  On  the  other  hanc 
gravel  with  a  percentage  of  soft  pebbles  5,  silty  limestone  15,  percenta 
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of  wear  2-6,  and  cementing  value  69,  laid  over  black  muck  and  sand, 
had  failed  utterly  in  one  year,  due  to  poor  foundations  and  inadequate 
drainage.  A  gravel  with  a  percentage  of  soft  material  5,  silty  limestone 
SO,  wear  8-4,  cementing  value  53,  laid  on  gravelly  loam,  had  developed 
ruts  in  two  or  three  years  and  was  dusty  and  loose. 

Gravel  from  pits  No.  124  and  No.  131  was  used  in  1913  in  the  con- 
struction of  a  concrete  roadway  in  the  main  stre«t  of  the  village  of  Kempt- 
ville.     This  road  was  in  excellent  condition  in  October  1916. 

Ten  samples  of  gravel  from  Oxford  have  been  tested  in  the  lalioratorj' 

Table  V. 

South  Gouer  and  Afountain.  The  greater  number  of  gravel  dcfxisits 
in  South  (iower  township  are  in  the  southern  half  and  are  in  many  erases 
associated  with  boulder  dejiosits.  Twd  deposits  described  in  Table  VI 
under  the  heading.  Mountain  township,  lie  in  the  northwestern  CDrner 
and  extend  into  neighbouring  tf)wn>hips:  the  northern  one  is  very 
irre;jular  in  outline  and  overlaps  into  OsKoode;  the  southern  one  extends 
ill  a  Niutliwesterly  direction  for  over  4  miles,  only  one-half  of  it  lyiiif;  in 
Siiiiili  Cower  township. 

The  .n  terial  in  the  long  Krivel  bar  extending  from  M  .untain 
township  into  South  Gower  township  is  high  in  soft  pebbles.  The 
estimate  of  composition  from  No.  120  is  evidently  too  i<nv  in  -.(•It  ni.iteri.il. 
for  its  percentage  of  wear  is  7-8  and  it  has  not  given  satisfactory  ser\  ice 
■  Ml  reads.  The  gra\els  from  these  two  townships  have  not  as  .i  rule 
pni\i(l  satisfactory  on  road  surfaces:  in  only  one  or  two  cases  have  tin  y 
WTTi  well  after  more  than  one  year's  service.  Their  failure  here,  as 
elsewhere,  is  very  largely  due  to  lack  of  proper  drainage  ami  .idiiiuatc 
found, itHHs. 

E(l'a;ardsburgh.  Small  deposits  of  gravel  are  scattered  rather  sparingly 
through  the  northwestern  and  western  portions  of  EdwardsburKh.  Of 
recent  years  they  have  not  been  used  as  extensively  as  field  stone  for 
surfacing  but  they  have  been  used  in  the  foundations  of  many  roads 
surfaced  with  field  stone.  The  greater  number  of  gravels  examined 
in  this  township  were  comparatively  low  in  soft  material  and  of  the  four 
samples  tested  only  one  h.id  a  ficrcentage  of  wear  as  high  as  5  •  2.  Gravels 
from  ihc  same  pit  give  contradictory  results  when  used  as  surfacing 
material,  a  coni!ition  which  may  probably  be  ascribed  to  differences  in  the 
aiiount  of  sand  present  and  ditlerences  in  the  care  with  which  the  roads 
were  constructed.  Gravel  from  the  pit  of  John  Spencer  at  Ventnor, 
for  instance,  with  5  per  cent  shaly  limestone  pebbles,  5  per  cent  soft 
pei)bles,  1  •  8  per  cent  of  wear,  and  cementing  value  67,  has  been  used  quite 
extensively  for  gravel  work.  A  road  built  of  this  gravel  was  hard, 
amooth,  and  ver>'  satisfactorj-  after  a  year  of  u^;  another  road  was 
dusty  and  full  of  ruts  after  the  same  length  of  time.     Part  of  a  road  laid 
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in  191.?  was  dcculfdly  dusty  in  1915;  another  piirt  was  in  goo*!  conriitid 
although  it  had  a  few  ruts.  Gravels  from  these  de{K>sits,  which  are  fn 
from  clay  and  carry  a  low  percentage  of  soft  materia!,  should  be  s,itii 
factory  for  concrete  work. 

AuRusla.  The  .southern  part  of  Augusta  near  St.  Lawrence  rivi 
contains  more  gravel  than  that  part  of  the  area  mappe<l  lying  h.ick  fmi 
the  river.  The  gravels  resemble  those  of  Kdwardsburgh  in  comjMtsitio 
although  the  amount  of  soft  material  appears  in  general  to  be  somrwh; 
higher.  The  jx-rcent  of  wear  of  all  three  samples  tested  is  over  5-5  an 
the  cementing  value  quite  high. 

Stone  is  being  extensively  used  on  the  roads  in  preference  to  grav 
and  not  much  definite  information  was  available  regarding  the  grav 
that  had  been  placed  on  road  surfaces. 

Gravel  from  G.  W.  Robinson's  pit,  No.  204,  with  percentage  of  silt 
limestone  pebbles  5,  other  soft  pebbles  8,  percentage  of  wear  8-4,  cemen 
ing  value  86,  was  placed  on  part  of  the  road  between  concessions  II  ar 
III,  in  1913.  In  November  1915  th*"  road  surface  had  ruts  to  one  int 
deep  along  the  wheel  tracks  and  a  few  shallow  holes,  but  was  in  fa 
condition  and  not  ver>'  rough;  that  is,  its  service  on  the  road  is  more  i 
accordance  with  the  low  percentage  of  soft  pebbles  found  in  the  estimai 
of  its  composition  than  with  the  results  of  the  laboratory  test.  Tl 
traffic  over  this  road  was  light  and  the  road  foundation  sandy  grav 
and  bedrock. 

A  road  surfaced  with  gravel  carrying  30  per  cent  silty  limestor 
and  15  per  cent  other  soft  pebbles  was  in  good  condition  after  one  ye; 
under  light  traffic.  In  this  case  the  road  could  have  been  improved  b 
the  elimination  of  some  of  the  sand. 


COMMERCIAL  DEVELOPMENT.' 

The  quantity  of  sand  and  gravel  found  within  the  district  survey* 
aggregates  many  million  cubic  yards.  The  gravel  areas  were  mapp« 
from  such  data  as  could  be  obtained  from  excavations  in  the  deposit 
from  surface  indications,  and  from  neighbouring  residents.  Neith^ 
time  nor  funds  were  available  for  the  sinking  of  test  pits  or  auger  hoi 
to  prove  the  presence  of  gravel  in  the  areas  mapped  as  such.  Tl 
boundaries  of  the  gravel  deposits  cannot,  therefore,  be  considered  mo 
than  approximately  correct.  The  same  lack  of  data  has  prevented  do 
estimations  of  the  amount  and  relative  proportions  of  sand  and  grav 
present.  Practically  all  the  information  gathered  as  to  the  depth  ar 
extent  of  each  of  the  deposits  is  to  be  found  in  Appendix  C  and  in  mo 
instances  an  estimation  of  the  quantity  present  has  not  been  attempte 


>  Detail*  regarding  the  commercial  development  of  tlie  gravela  are  to  be  found  in  Appendix  C,  T£ 


vn. 
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Not  all  of  the  gravel  deposit*  have  Ix-en  exploiteti  and  in  a  great  many- 
only  one  or  two  small  openings  have  been  made.  Seven  pits  werr 
located  that  had  been  opened  by  railway  companies.  These  ranged 
from  100.000  to  500.000  cubic  yards  in  size,  had  in  nearly  all  cases  lx>en 
excavated  by  steam  shovel,  and  most  of  the  prinluct  was  usetl  for  railway 
ballast. 

Practically  all  other  excavations  were  less  than  10.000  cubic  yards 
in  size,  had  been  excavated  without  machinery,  and  the  products  were 
used  on  the  surfaces  of  gravel  roads,  or  for  concrete  and  plaster  work. 
The  unweathered  gravel  is  used  for  cr.ncretf,  but  a  careful  effort  is  not 
always  made  to  omit  unweathered  gravel  in  excavating  for  road  puriMJses 

Very  many  barn  foundations  in  this  area  have  been  built  of  grave! 
concrete.  There  arc  also  firms  in  Osg.KKle  and  Oxford  townships  which 
make  concrete  culverts,  tiles,  and  building  blocks. 

The  gravel  is  sold  at  from  10  to  about  25  rents  per  cubic  yard  in  the 
country  and  for  as  much  as  70  cents  per  yard,  in  the  pits  near  Ottawa. 
The  township  councils  generally  wn  several  gravel  pits  from  which 
citizens  engaged  in  their  annual  statute  labour  road  work  can  draw  gravel 
without  cash  payment. 
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Explanation  Table  VI. 


Location.  The  numbers  in  the  table  refer  in  general  to  pits,  hut 
where  there  are  no  excavations  they  refer  to  the  whole  deposit  as  mapped. 
Certain  deposits  mapped  from  surface  indications  only  have  not  been 
numbered. 

The  location  of  the  gravel  pits  or  deposits  is  given  by  map  number 
only  in  this  table.  The  location  by  lot  and  concession  is  to  be  found 
after  the  corresponding  map  numbers  in  Table  VII. 

Sites.  Field  estimates  of  the  sizes,  that  is  the  relative  amounts  of 
boulders,  gravel,  and  sand  present,  were  made  in  the  excavations.  It 
must  be  remembered  that  they  do  not  represent  the  average  for  the  whole 
deposit. 

Composition.  Estimates  of  the  impurities  present  and  of  the  pebble 
composition  were  made  on  the  unweathered  positions  of  the  depositsexcept 
where  otherwise  specified.  The  symbols  CaCOi  and  Ft-Oj  are  used  for 
lime  carbonate  and  iron  oxide  respectively. 

The  lonii.. /sition  of  any  one  deposit  is  more  apt  to  be  uniform  than 
the  relative  amounts  of  sand  and  gravel  present,  but  the  composition  also 
arics  in  tertain  deposits,  as  is  indicated  in  the  tables.  Where  .  its  exist 
at  regular  intervals  along  a  gravel  bar  an  average  of  the  pebble  comp<Mition 
nf  the  pits  should  represent  a  fair  average  of  the  deposit.  Pebbles 
composed  of  firm  unweathered  igneous  rocks  such  as  granites  and  traps, 
quartz  pebbles  and  quartzites,  together  with  tough  foliated  rocks  such 
as  granite  gneiss,  are  classified  as  hard.  Soft  pebbles  include  sandstones, 
f-haks,  and  occasional  examples  of  >chists  and  tft  gneisses.  The  term 
silty  limestone  was  applied  to  partly  weathered  dolomites  and  limestones 
of  the  Beekmantown  and  Chazy  formations,  which  contain  varying 
j)ni|)<irti<ins  of  silty  and  cl.iyey  matter  and  of  lime.  Fresh  dolomites 
and  linustones  carrying  silica  or  sand  in  a  form  coarser  than  silt  have 
been  classed  with  the  limestones. 


i 

1 

S?2.S 

IBM? 

sup 
lliil 

Fit  walls  stand  up  fairly  well. 

The  wravel  is  very  tlirty.     Most  «'f  the 
bniilders    and    pebbles    are    *'U    and 
shaly  limestone. 

Si  a 
=  ■5  5 

m 
III 

■i  £.5 
-  .»  * 
P 

ill 

-Mr 

5 

<r.^  3  Z  m 

3  "2  = 

0  .,•  a  3 

lili 

m 

i:.r,  ;i:^ 
i  ■  =■  ^  « 

V 

a 

0 

if 

1" 

1 

i 

X 

T. 

1 

i7[ 

1 

2 

r4 

X 

3         . 

h 

^ 

< 
r. 

jz'k 
7!  - 

141 1 

1 

:1 

- 

_5 

"3 

5 

Ti: 

5 

3 

B 

^  ^  -  s 

m 

If 

■5- 

i        1 

il! 

11        i- 

^'2 

7  ' 

•o 

i3 

a 

g 

1 

l-sl 

rfi 

O                 3 

2              5! 

- 

1  =  = 

i^. 

- 

1          I            1 
1                      1 

s 

;: 

il|i 

r* 

::: 

? 

2 

CS3                 c^E^    r. 

"        i                  |i 

fO 

Ci                      1^ 

( 
5 

- 

^ 

(^ 

.r 

»o 

c 

r-- 

X 

^ 


83 


7 ! : 


Be 


a     .2 
.11  ■^= 

I  2    t;^ 


«2^ 

r  S   1    r.  =       = 


5E  = 


k  ^ « 
III 


I 


I 


i  '  •?.  3  5  1 .3  s  2  5 - 
'I  I  I  Sit  t^  I  »•?£"  I  =~'f  '-J 


fcS  -^- 
*  ?  .1  *  . 
S  3  "      "  " 


■sJ    I! 


rt  3  3  "  : 
—  «  •'  .-  ; 


.  ?5  Est  £  i 


5  > 


I-. 


I  i 


=   ^    '     = 


1  t 


ff  I  -        -•        ''i        **) 
t        i  i 


S   8 


3   5 


h,      Iwut:  i-M        £ 


84 


^5 


^1 

P 

|l 

«3 

-5 

1"^ 

2i9 

1 

U 
:C  3 

;i1 

he  estimated  percentage  of  sand  and 
boulilers   is   probab'y   too   low;    esti- 
mates made  from  hole  in  bottom  of 
pit;    this  deposit  extends  into  North 
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Variation  in  sizp  from  ax*erace  of  material 
to  north  end  of  pit ;   the  gravel  is  said 
to  be  untlerlaiii  by  clean  sharp  sand 
to  dei)th  of  .15  ft. 
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PART  II. 


Road  Materials  Available  for  a  Highway 
between  Hull  and  Grenville,  Quebec. 


CIlAiTKR  I. 


INTRODUCTION. 

This  rciKirt  i>  lusfd  on  fiild  work  dune  on  the  north  side  of  ()i!,,\v.i 
rJMT  lK-t\v«f  n  (latiniaii  river  .ind  the  iM.>ttrn  vil^v  of  CniiviiU-  lown^lnp 
ill  the  county  of  ArKi-iitouil,  OiicU'c.  The  puri)or,i-  of  du-  work  u  i-  to 
I'lnd  btonc  suitable  for  the  inakin-  of  a  hi^liway  from  Hull  to  Moiitn-.d 
iind  this  was  arcomplisiicd  for  one-half  of  the  ('istancc.  The  rouic  ol 
th  ■  iro[Tose<i  hinlnvav  lies  close  to  the  north  shore  of  the  river  ue.irK 
all  ilie  wa\  from  Hull  to  Ckenvilie.  All  outcrops  lyinR  within  1  mil,., 
ii'Tlh  r.f  the  river  between  the  i)oints  indicated  were  examined  and  mapped 
uud.  where  koo<1  stone  was  scarce,  within  this  2-mile  belt  search  w.i.  iimiIc 
fur  suitable  stone  to  the  maximum  [)r.icticable  hauling  di>ian(  e  north  of 
the  road,  that  is  from  4  to  5  miles.  The  belt  surveyed  i-,  00  miles  |n„- 
and  over  200  square  miles  in  extent.  Thirty-two  <Ieposits  of  stone  and 
two  of  gravel  lyini;  near  the  propf>se(l  road  were  tested  for  the  Ge<.loi;ic.d 
^i;rvey  in  the  laboratories  of  Columbia  university,  New  York. 

A  number  of  defiosits  of  diabase  and  other  first  grade  macadam 
material  were  found  close  to  the  pro|M,sed  highway.  Diabase  depn,iis 
lie  between  Papincauville  and  Calumet  at  intervals  of  a  few  miles, 
luany  of  them  singly,  containing  enough  material  to  pave  the  whole 
ro.id  (Plates  I,  XC).  Deposits  of  diabase,  kersantite,  and  aii^itc- 
sycnite,  oi  good  road-making  qualities,  lie  dose  to  the  village  of  Bm  king- 
ham,  and  at  East  Templeton,  Thurso,  and  a  point  a  few  miles  ea>t  of 
i'lafsance  there  are  deposits  of  dolomite  and  magnesian  limestone  of 
Heekmantown  age  of  excellent  road-making  qualities.  The  studv  of  .ill 
ilic  stone  directly  near  the  road  has  also  made  possible  some  discrimin- 
ation l)etween  the  numerous  types  of  gneisses.  Gravel  deposits  are  not 
mimerous  nor  are  many  ■>{  them  of  large  extent.  Two  gravel  deposits 
were  tested  with  fair  results. 

The  writer  was  assisted  by  K.  A.  Clark,  H.  Gauthier,  and  R.  S. 
Adams.  The  work  done  by  Mr.  Clark  and  Mr.  Gauthier  was 
tS|)ecidlly  efiective.  The  outcroos  west  of  Lidvre  river  as  far  as  the  Gati- 
neau  were  mapped  by  M.  E.  Wilson  of  the  Geological  Survey  in  con- 
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nvxion  with  arral  work  done  under  his  direction.  The  writer  is  indeblid 
to  Mr.  Wilscm  for  much  information  regarding  deposits  of  stone  within 
that  |K>rtion  of  the  area  '•ep<jrted  on. 

TOPOGRAPHY. 


The  coiintr>'  cxamine<l  lies  adjacent  to  and  north  of  the  Ottaw.i 
river.  The  greater  part  of  it  forms  a  portion  of  the  immediate  valKy 
trough  of  the  river,  but  the  northern  edge  touches  and  laps  over  tlii,' 
frontal  ridges  of  the  Laurenti.m  plateau.  The  valley  lK)ttom  tIm^ 
tow.ird  the  I.aurentian  hills  in  a  series  ol  llat  day  terraces.  The  terrai  i  - 
have  steep  fronts  facing  the  river  anti  their  surfaces  are  broken  by  sniill 
liills  of  rock  and  by  narrow  valleys  cut  by  tributaries  of  the  Ott.ivi 
The  I.aurentian  plateau  front  forms  a  well-defmixl  escar()ment  to  tli< 
north  from  I'apineauville  east;  west  of  Papineauville  the  change  frwm 
|)l.itoau  to  river  bottom  is  not  so  abrupt.  The  hills  within  the  [)lalcaii 
h.ive  nearly  llat,  gently  rounded,  tops  and  are  stee[)  sided;  they  rise  lo 
elevations  of  several  hundred  feet  above  clay  Hats  of  irregular  shape  (I'l  I'l' 
V'l  I  l.A) .  The  mean  elevation  of  the  water  of  the  Ottawa  varies  from  1  i2  le(  t 
at  Gatineau  point  to  131  in  the  neighbourh(K)d  of  Calumet,  a  distamc 
of  nearly  60  miles.  Close  tf)  the  southern  edge  of  the  plateau  overlook- 
ing the  river  the  elevations  of  the  plateau  remnants  that  now  e.xist  a:^ 
hilt  tops  are  over  700  feet. 

The  clay  terraces  in  the  river  valley  and  the  clay  flats  on  the  hill- 
ari'  fertile  and  for  the  most  part  under  cultivation.  The  hills  are  roc  kv 
and  co\ered  with  bush.  Lumbering  has  been  the  principal  industry 
of  the  villages  scattered  along  the  river  front,  but  the  timber  suppK-  i~ 
lessening  and  there  is  less  lumber  sawn  to-day  than  formerly. 


1,M 


("iKOtfMJV 


The  formations  f„u,ul  uithin  th.-  Mt  of  country  travrs..!  m  tl,r 
.nurse  of  this  surxcy  ar.-  ta(,ulat„l  IkIow.     TIu-v  an-  arr,,n,,.,|  i„  .  hr.,,,,. 
InjjK-al  order  with  the  most  retenily  formed  at  the  top  of  the  (al,|,. 


I>as. 


(JuatiTnary. 


I'al.rozoic. 


Oanihrian. 


Tiihle  of  Formations. 


Systfm   or   forin.itidi 


<;ia<ijl. 


I.itholotjical  iharaacri 


Chazy. 


nevkmantiiun. 


Pot -dam 


Late  rrc-Canil>ri.iii. 


Inronsolidiilfd  mitlrruiis 
I  artiv 'tratified  v,.||„w  sarul  aTi.l  ,.,n<lv  i;r.vfl 
Mratih.M    l,l,a.  „,  ^rry  clay  iarrvin,-  tuarini- 

I  nMratificd  hoiildrr  claN-. 


ConsoluUted  btddrd  srdim,;ts 
Sindsfonts  ami  »half>i. 


S-iniMnncs,  c.iuariMiii,  sindMoncs,  iiia«nr«iin 
Imirstonps,  dolimntc^. 


Sand  tone 


Karly  I>rc-Canibrian. 


Ouarl/    sv.nit,.    p„rphvry,    quartz    sv.nit,. 
'li.if>aM-.  k.Tsantit.-.  hyrwrsthene  cil.l.rr,. 


Pfuniatitcs. 

dnfissfs  of  i^nrom  ont^in: 

<t)  C.ranifc     Kn.i>s<..:     gneisses     fr.-c     from 

pyroxinc,   xrunites   to  dioriii-s   in   (oin- 

[)<)sjti'in. 

(2)  AuKiti-  s\rnite  Rncisscs:  pvroxrni'-lKarine 
KHiisses  from  sraniti-  to  KaM.ro  in  (cti- 
fio-iitiiin. 

GrenvitU-  ii-nes.  Crystalline  limrrtono,  niiirtz- 
itc.  ancj  ijirnit  uniM'-s. 


Grenville  Series. 

The  Grenville  series  mmpri^.s  a  ^:ro„p  of  altt-rc'd  >ediment.s.  nanieU- 
cnstalhne  I.me.stones.  quart.i.es.  and  ,arnet  gneisses.  These  are  ,he 
"West  rucks  m  the  area  and  the>-  out.n.p  i„  many  places.  The  rrv^tal- 
ne  hmestones  are  generally  white.  coarse-Rraine,!  .rystalline  ro.ks  made 
P  very  largely  of  calcite.  They  are  massive  in  ,he  majority  of  cases 
but  .n  many  instances  the  rock  is  foliated.  The  amount  of  magnesium 
^  b<,nate  .n  these  rocks  varies  from  place  to  place  and  in  many  c^m.  th" 
^rcentage  ,s  h.gh  enough  to  alio,    of    the    sto.e    being    r.uarri,  '    f^.r 

and  other  calcium  silicates  present. 

UD  awJ'^r'tf  'T  ^^''''  ''''^'  ''''^''  ^•^•^^^^-  -y^taliine  rocks  made 
up  almost    wholly   of   quartz.     They   are    generally    unfoliated.     The 


\n 

tt.ir-.i'l  j;ni-i!*M-  .ire  liiir,  i\in->:r,iii  <«!  i  r\  -.t.illim-  ro.  k-  i  .mt.iininu  v;.ii  ^ 
Tliiv  ,.ie  in  m<>-i  <.im-  wilt  fi.li.it. <l  ami  <  Umvc  ia>ily  in  parallil  {>\ 
ill  ,.iu-  .lir«  tion.  1  111  y  n  -.  lui.lf  tlu-  tiiur-;.  raiiifd  variitii  ^  of  the-  gn. 
(.1  ii;t!iiiii»  ..riyin  lic-t  t  iiml  ill  thf  ni\t  t-vvU<  m. 


liniissi's  of  I'^iiauis  Orivjii. 

Till  re  an-  ni,,n\   ..lit. mi. >  ..I  i^\n-\<^  <  l<>>c  L-  tii<'  prop<.sccl  r.ia.l. 
niajoritv  ol  wlii-lt  wn'  oriKii'allv  iKii'""-  <■"<'»■'  •'"'  "tli«'f  wtTf  -Icii   -I 
fn.m  M.lim.nt-.     Tluv  Law  ln.-n  (haiivj.d  l.y  |.ri->-uri-  ami  luat  li- 
r...  k-  of  traliili.    t.AUirr   I.,  n.cks  of  |..ii.i!.(l   l.Mui.        Tlir  altii..i 
11.  i.iiii..r|.lii.-r<l  -.•.iiiiuni>  wiili  «n.i;->ic  liMiiri'  arr  in  Ki'inTal  .1.  r  ^ 
from  uh.it  wiTf  oriJiially  .  lay-l..arinn  rocks.     Tiny  arr  ll^ually  I- 
KiMin..!.   have  a  v.Jl   .!.a.I..|«  <!   paralUl   t  iiavav;*',   aii.i  Im'Ioiik    t"   '  ' 
(riiivillf  M-riis  .I.-^.  lil.   I  al...\..     In  liciura!  tlif  ^rain-  of  tlu-  i:^r. 
kiifisM-.  vary  in  -i/.    from  <iin  liMii.lrt.ltli  i"  a).oiit  ont-twiiitii'tli  ■ 
in.il.     Tiu'  iar^iT  ^r.iw>-  art'  from  om-t'ifti.  ili  t..  alH.iit  oni-tiiilii  - 
iti.il   in  si/f.     Tlic  iKnioiiv  Kii<i^^«"-  ^•"■V  '"   n\tinc'  Irom  wfU  f.'li 
x.iriiti.-  t..  liin-.'  in  wiii.  ii  liif  f.ili.ition  is  ii..t  appart-nt  to  the  iiaki.l  < 
Tliiir  (■.lour  \.irif>  from  li:.;iii  pinki-li  ^ri'V  lo  blark  Kretnish  ^rey. 

Mirro-iopic  ivamiiialioii  liassli.iwn  liiat  liuw  roiksvary  in  iiai  . 
(.,rap.i-iiiiai  Irom  Kr-i'i'li'S  i.»rr\i"K  '-irnt'  proiM.rli.ais  of  alkalic  f.l.ls' 
.111.1  (|ii.iii/   aiHJ    f.  w  (I.srk    f<rrnmaj;nosian   minerals,  tlirousili    a 
111, my  intrrnu.li.it.'  v.iri.itions,  t..  (l,irk-.(>l<.iiri<l  pi-riflotitcs   ami  ; 
M  nitis  in  which  thi-  >;n  ilir  i>art  of  th.  r..<k  is  made  up  of  auKitc,  o!i\  i'- 
.iii.l  oilu-r  .lark  niimrals.     In  tlie  HuckinKham  district  M.  F..  \Vi!-.  n 
ha-  iii-cii  ai.lc  to  distiiiKui.-h  Litwicn  a  si^riis  of  pyroxene  gneisses,  ,  i 
yoiinKcr  series  of  fineivses  of  the  composition  of  Kranitc  or  syenite      I  !■ 
Kcolo^v  of  these  gneisses  is.  Iiowever,  coinplicited.     The  diflereiit  t'l'^ 
res.inl.le  each  other  dosely  in  the  I'l.ld  and  arc  often  intimately  e  ■  ' 
mixed.  th,it  is  a  ■    •mp.ir.iiiwly  small  roi  k  oiitcroii  may  contain  gm  i- 
v.iryiiiK  wi.l.  Iv  ii,  .  ..mjiosition  and  in  ajje.     In  these  circumstances  it  v.,- 
iiot  found  i.r,.rti.al)le  to  distinguish  the  various  uneisses  in  the  Min.x 
for  road  materials.     In  the  descriptions  of  rock  outcrops  given  iii  A\>\x ' 
di.v  H  the  gneisses  are  divided  into  two  main  classes,  granite  gneisses  ..n: 
augitc  syenite  gneisses.     The  term  granite  gneiss  as  used  in  this  r.p.  r 
refers  to  light-coloured  holocrystalline  rocks,  with  a  granular  m.-ai.  t^ 
foliated  texture.     Quartz  is,  in  many  places,   a   prominent   constitu.iit 
of  the  rocks  referred  to  as  granite  gneisses,  but  no  augite  was  disciA.  nd 
in  the  granite  gneisses  with  the  hand  lens.     Gneisses  with  a  ralht  r  il.irk 
grey  appearance  were  generally  classed  as  "augite  syenite  gneiss'   m  tlic 
field,  and  in  the  majority  of  cases  the  mineral  augite  could  be  seen  en  tlie 

T^Vllion.  M.  E..  •Southweitero  pori.on  of  the  Buckingham  map-area,  Quebec."  Geol.  Sur».,  C» 
Sum.  Rept..  I«15,  p.  158. 


I  -li  r..(k  Mirl.u.  with  tlu-.iid  .,1  a  luml  l,„s.  ||„  i,  i.m,;,,  v..ri,>  in 
ih.  viini'  way  as  that  ..f  tl,,.  uranitr  n.i.i.M'^  Mi.  r.,„  up,,  rxmun  .liun 
n:.»l.  afUT  the  (id.l  w,,rk  v»a>  <lnnr  pn-xnl,  .,w.  %.  r,  that  .  ,ri.,m  .,  Jt. 
|.,.rin«  ^nt-i>-.  w.n-  (,(  a  (iKht  ktcv  Kr.ri.  ...lu.ir  u„\  ..lli.  r-  ,  arry  larp 
;«  rnla^;.->  „t  quart/,  It  i.  |M,.Mhl..  that  .,ri..iii  .  ai,r.,|^  .1,.,.  r.l..-.l 
.\|.|HH(lix  li  as  ar.iuUv  Ktui>~  may,  th.Tcforc,  I..-  aii-it..-|.,,,riiM;  u.i.  :  , 
l.ul  HI  th.-  niajurily  „<  imm  >  fhr  tul.l  rla-Mt..  atinn  ,  -  ,|.„if,il.  ,s  ,    ,r.  n 

In  thf  /..llouinK  tal.lr  tlu-  niitural  .  ....,,>„Mii,,„s  ,,l  a  n.iinUr  ,.|  tl„. 
.M.p-st>  an-  plan-cl   toni'thrr  lur  .  .,iii[..iri-...r..      T\»-  ri  mi||>  ,.|    tl„.   i,  ,,- 
Inr  p,  rrentaKf  »(  u.ar.  toimhtu  >,,  an.l  .  .i.untinK  valii-  arr  alx.  hn  Iu.IcI 
Ihr  first  five  ut,  ih.-  list  af  pyn.M  .].■  I.vr  iiiu.iss,',,  ,.i|,.  last  lur  ,arr\ 
.,..it.-  fxrept   in   ..n,.  sfH>rim.-ii    in    \     :  h   .crtain   areas  ..f  (aid       .,n.| 
.I.I'      <•  are  tlu.iinht   t..  jh-  aliiraticn  ,,n..!ii.  i-  aft.  r  aiiKitr.     Tii,   ial,l. 
.IV.  >  -..itiw  idea  of  th..  variation  in  tl  a   tnin.ral  .onifH^iti.,,.  „f  thr  kii.-i- 
--,  lur  tl..-  sanipUs  r.prf,vnt   th.    .ivi..,^v  tv|.<s  nu  t  «ith  in   ihr  an  i 
.xamitutl.     Tin-  r..,l<.  ar.-  as  a   mi..  „!   ,ath.r  an  a.  i.l  tviH-  .arrv.n,<    , 
Urn..  jH-rci-ntaKi-  ..f  th,   white  ,Mii..M!    t.  I.lspar  an.l  <,uart/;  s„.ne  .,(  iluni 
,.r..ot  an  it.t.-rnte.liat..  rvix-an.!     •  .       ,  vv  an-  Imm.   «„!,  i,\;h  iK.n-,.nt.,^..s 
(it  (lark  minerals. 

/'■-...»/,      , 

•\  numlHT  of  eoarse-Kraiia-.l  p.-ui...,  ,-,  .-i  ,!„«  n.arlv  wh,.llv 
'.f  feldspar  an.l  .iuar!/  intrude  the  kh.  is-,  -  in  ni,,  \  pl,.,-es.  Th.  v  .„  .  ur 
in.lvkeaiul  vein-lik.-  form  an.l  are  of  no  v,,li:    in  i.,a.l  work. 


Ker!,i!  utile. 

I  )e[H,si,.  „f  k.-rsantit.  are  fo.iml  .lir.niy  .  .ist  ol  .he  town  of  I!,,.  kinK 
li.ini  an.l  also  alxuit  2  niili-^  lo  the  s.,uth  an.l  s..utliw.-.t  ,,l  ii. 

There  are  tvu.  varieti.-s  ..f  k.rsanlite  uhi.h  an  loiin.l  t.,  ra.h- 
■M'-oneanother  in  th.-  fi,.|,l;„n.-  I,  a  l.la.k.  .1.  n-.-  ,ui,l  th.-  .,ih~ir  ,■ 
rc(!.li>hKrey,.l,-nsetoni.-.liuni-,L;rainedn-.  k.  Tl„  M..n,- .>an.pl.<l  '  mil.-- 
-ulh«e>t  ..f  Hu.kinuham  is  of  tin-  r.-.l.iish  i^r.-v  up.,  and  in  it  r.l  lish 
ItliislMr.  au^it.-,  an.l  l,i.,tite  can  N-  detect..!  with  ,i  han.l  I,  ik.  IIr. 
'..IIS.-  black  variety  is  foun.l  .,n  R.lter^  farm  northeast  of  Bu.  kinuhan. 
•in.l  ill  It  a  few  shiny  lath-shap.-.!  f.l.Kpar  ph.ii.,,  rv-ts  ,an  l.e  -, ,  n 
t-ml..-.|<|ed  in  a  fine-K;rained  matrix.  There  is  als., ,.  coarser-Knin.-d  1,1,,.  k 
variation  which  does  not  show  the  ri..l.lisl,  fel.ispar.  Mi- rn.,  ,,pi,- 
txainmation  shows  that  the  ro.  k  is  made  up  of  m.iRnetit..,  ..p.itit.- 
'itjinite,  auRite,  biotite,  pl.iRiodase,  <|uart/  with  secomlarv  .  hbrite. 
•Pi'lot,.,  iron  oxide,  mus.-ovite,  an.l  kaolin.  Micr..scopi.  examination 
''I  .1  specimen  from  southwest  of  Hu.kinKham  showed  about  40  [K>r  cent 
Uira.loritc  feldspar,  23  pi-r  cent  .ilbite  fel.ispar.  9  per  cent  .p.artz. 
'  1«  r  cent  biotite,  7  per  cent  augite,  6  pt.r  cent  maKnetite,  and  the  remain- 
der of  the  products  of  secondary  alteration,  epidote  and  chl.jrite. 
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Hyperstliene  Cabbro. 

Gabbro  occurs  chiefly  on  the  west  side  of  Charette  lake  north  of 
MontctK-llo.  It  IS  a  Rreenish  grey  stone  in  which  biotite,  aiiRite  ,n,i 
f.-l.l.par  are  generally  visible.  The  augites  are  in  many  ,ases  large  'm.l 
(onspicuoiis  and  hold  the  other  minerals  as  inclusions. 

The  sfXTimen  tested  consisted  of  39  per  cent  andesine  fildsn.ir 
8  per  cent  hypersthene,  38  pcT  cent  hornblende.  11  ,hm  cent  biotite' 
ami  4  per  cent  quartz.  ' 


Diabase. 

The  diabases  are  dark  grey  to  greenish  grey  rocks,  even-grained 
an.  crystalline,  the  s.ze  of  the  grains  ranging  from  about  one-twenty- 
h  ih  of  an  inch  to  that  in  which  they  are  har.lly  visible  to  the  nake,I  eve. 
1  lu.  stone  breaks  with  a  rough  fracture  and  .litfcrs  in  that  resp-rt  from  the 
mi-onty  .,f  the  surroun<ling  Pre-ran.bri..n  nnks  which  are  foliated  ,,n.| 
rl-ave  w.th  more  or  less  ease  in  certain  directions  with  resulting  sm.H.th 
surfaces.  Smat|  white  fel.lspars  lie  in  all  .lirections  through  the  rock 
...Hi  scattered  among  them  are  black  augites.  The  greenish  tint  in  the 
Mone  .s  due  m  large  measure  to  secon,lar>-  chlorite.  The  rough  fract.ire 
of  the  diabase-  and  the  crisscross  m.uiner  in  which  the  white  minerals  lie 
in  the  stone  are  characteristic  features  (Plate  VIIIH) 

Microscopically  the  stone  is  made  up  of  magnetite,  augite.  and 
pl..gioclase;  in  a  number  of  samples  oliv-ine  and  perthite  were  pres..nt 
anti  .-.t  the  end  of  one  dyke  north  of  Calumet  contained  biotite  anti  green 
..rnl.lende  Sencite.  chlorite,  epidote,  iron  oxide,  and  some  s.  r,K-ntine. 
kaolin,  and  cjuartz  are  found  as  alteration  pro<lucts.  The  plagiodase 
IS  generally  a  l,a.sic  labradoritc  alK.ut  Ab...  An,,;  in  one  slide  oligoclase 
»as  ,.isr,  present.  Perthite  is  an  iiUergrowth  of  alkali  feldspar  and 
quartz  An  estimation  of  the  quantitative  comfHisitinn  \vas  made  upon 
seven  of  the  sections  examine.1  an<l  is  giN  en  in  the  table,  page  136. 

Quartz-Syenite  or  Granite. 

This  rock  occurs  ox-er  ,,  large  area  to  the  northeast  of  C-alumet  ..nd 
nor  h  of  (.renvil  e.  It  is  pinkish  red  rock  with  greenish  black  min.rals 
scatore,!  through  it.  The  mass  of  the  stone  is  red  f,.l,!spar.  .HTthite. 
and  ...da-hme  fel.lspars  near  albite  in  composition.     The  black  minerals 

are  probably  hornblende  although  t<K,  badly  altered  to  .letermine  There 
'.^  from  .S  to  10  ,XT  cent  of  quartz  present  in  the  slide  e.vamin.nl.  The 
Pmk  granites  foun.l  northwest  of  I'ointe  au  Chene  and  near  Calumet  may 
I*  relafe,l  to  this  syenite  in  age  and  origin,  for  the  two  rocks  are  similar  in 
aprxMrance  and  the  pink  granite  is  less  foliale<l  than  the  gneisses  and 
'".  llierefore.  probably  a  younger  rtxk. 
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in  nearly  all  the  occurrences  examined.      It  was  deposited  in  an  arm  of 
the  sea  during  the  Champlain  ej:K>ih. 

Deposits  of  yellow  sand  in  places  stratified,  and  sandy  gravel  .n 
of  frequent  occurrence.  They  lie  in  many  cases  upon  small  elevaiu  n-^ 
rising  aboxe  the  general  level  of  the  clay  terraces  and  also  on  the  ll,iiik> 
ol  the  hills  which  rise  to  the  north  of  the  river.  At  East  TempliUn 
and  elsewhere  there  .ire,  moreover,  extensive  sand  ilep<)>its  lying  on  tin 
Hat  terraces.  The  greater  part  of  the  saiul  deposits  were  doul)tli>-l 
laid  down  as  l)eaches  and  l)ars  near  the  shores  of  the  old  Champlain 
The  gravels  which  occur  with  the  sand  carry  a  high  percentage  of  u 
roundetl  I're-Caniljrian  pebbles. 


1 ,1. 


STRUCTURAL  GKOLOC.V. 

Tht  rocks  of  the  I're-Cambrian  are  either  massive  or  foliated,  llu 
sediments  of  this  division  have  been  recrystallized  and  they  have  iKdim 
mashed,  banded,  ami  foliated  under  intense  earth  stresses.  Their  origin..' 
bedded  structure  disappearetl  in  the  jiroce-ss  and  in  recrjstallizini;  m  w 
miner.ds  like  garnet  antl  diopsidc  have  been  formed. 

The  igneous  nvks  of  the  early  IVe-Cambrian  are  in  most  i  i-i- 
foliated  or  gneishic  (IMate  XA).  In  many  masses  where  the  ban.h.l 
structure  is  not  evident  the  indivitlual  grains  of  feldspar  and  r;;i.,ri/ 
have  been  partially  granulated  antl  a  microscopic  examination  ol  lie 
stone  reveals  other  evidences  of  the  strain  to  which  the  rock  has  !•:! 
subjectetl  (Plate  XH).  The  degree  of  foliation  of  the  igneous  giul-i- 
varies  greativ  over  a  short  distance  in  some  of  the  outcrops,  so  tli.it  it 
becomes  diftuult  to  locate  an  unb.inded  dej-Kisit  of  any  size,  even  i>m  ,;i. 
extensive  f)utcrop. 

The  greater  part  of  late  I're-Cambrian  rock  masses  are  unfoli.itdl 
Certain  of  the  masses  arc  sheared  and  fractured  in  some  of  their  out.  n.; - 
but  they  are  as  .i  whole  i.iuch  stronger  and  more  massive  than  the  t  irlu  r 
rocks.  The  diaba.se  occurring  in  dykes  is  characterized  by  well  devi  li i'l il 
fracture  planes  at  right  angles  to  the  strike  of  the  dyke  (Plates  I  .uul 
IXB).  These  .ire  regular  smooth  planes;  less  regular  planes  of  fr.n  tun 
lie  parallel  to  the  strike  of  the  dyke.  The  action  of  frost  break>  tiu'  di..- 
base  along  these  fracture  plane>  with  comparative  ease.  The  UmImm 
outcrops  are,  therefore,  often  partly  coveretl  with  loose  blocks  U'liti- 
IX  A).  These  blocks  arc  in  turn  more  easily  removed  by  erosion  ili.m 
even  soft  bedrock  in  place  and  the  result  is  that  the  site  of  a  ili..!).i?<. 
dyke  is  in  most  ca.'^es  a  valley,  though  rock  on  both  sides  of  it,  in  maiu 
ca.ses  much  softer  but  not  so  easily  broken  into  blocks,  stands  up  in  lutlf 
hills  above  the  di.ibase. 

The   Bcckmantowti   and   Potsdam  heils  are  bedded  and   uiunn.i- 
morphoscd.     They  tie  nearly  flat  or  dip  gently  to  the  south. 
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RELATIONS  OF  THE  FORMATIONS  TO  ICACH  OTHKR. 

The  igneous  gneisses  have  been  found  intruded  into  tlie  crystalline 
limestones,  quartzites,  and  garnet  gneis.ses  of  the  Grenville  seri.s  in  a 
numberof  places  proving  that  the  ( -.renviiie  series  is  older  than  the  .neisi*- 
es.     Certain   rocks  of  the  granite  gneisses  are   for    the    same    reasl,n 
cnsidered  younger  than   the  augite  syenite  gneisses.     Pegmatites  are 
Jnmd  intruded  into  the  Grenville  series  and  all  the  i«neous  gneisse, 
1  here  is  e^•.dence  of  a  great  interval  between  the  formation  of  the  foliated' 
rocks  of  the  early  and  the  unfoliated  massive  rocks  of  the  late   I'r,. 
CamhnarK     Of  the  late  Pre-Cambrian  rocks  diabase  was  found  cu,  i„; 
across  bodies  of  ';ersant.te  and  hypersthene  gabbro  an.l  the  diaba...  is 
tu.rcf..re.  younger  than  the  kersantite  and  gabbro.     Logan  states  ,1,  .t' 
tu-  pmk  riuartz  syenite  north  of  Grenville  cuts  across  dykes  of  rliab  .s,. 
At  the  one  contact  .se<n  by  the  writer  the  evidence  of  the  relativv  a.e 

d  J oul'^r        -r  "';"■'';"■•     Q"^'^'-^>-''^«'  P-plnry  is  intruded  in  ,. 
tl!c  (luartz-syenitc,  and  is.  therefore,  the  younger  rock. 
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MATERIAL  SUITABLE  FOR  ROAD-MAKINC;. 

A  trunk  hi^;luvay  mu  li  .is  that  i  oiitrmplattfl  l.itwtcn  Muntrc. 
Ottawa  will  in  all  prulialiility  cvcntii.illy  Ik-  subjtrli-d  to  irattic  ul 


ill. 


n  2(iO\tliiiU'; 


•ul.iv.     Fiirsucli  a  IukIiw.iv  a  >uif,i»  lol  ^;r.ivil  in,ir,,(l,ii,: 


iiiMiilal.lf,  allliuii^h  r-unii-  i>l   Ihf  ^ravil  .ilnnK  tin'  roai 


<l  h.i 


hi. I; 


n>i>t.incf  to  al)ra>ioii  .tnd  if  hound  with  l.ituiiun  might  wear  well 
tlii>  tralVu'.  The  tid<l  f-tonr  found  in  the  hill?-  north  of  tin-  road  i- 
ally  wiMlluTi'd  and  it>  ri'sistanii'  wi-akinwl.  It  should  not  In 
ix(('i>t  lor  found. ilion  work. 

BKDROCK. 


Th 


i-ult-  of  l.ilxiratory  lots  uiMin   tho  varif)Us  classfs  <A   n  ik- 


lound  .doiig  till-  highvv.iy  arc  i;i\iii  on 


\M^^&  149  to  151.     Till 


ill 


lit  of  wtai 


lul  .irr  ('oiiipari-( 


pt  r  11 
d 


for   toii.uliiu>>  an-  >ho\\  n  ^;iaphi<'alK-  in    lii; 
I  with  liiuilinK  \aluis  for  liiliiniinoi"-  andwalcr! 


niaradaiil  a>  iNplainid  on  pai.;i-  13. 


il., 


( )f  the  x.iriou; 
(irl.iiii  I 


kin<!>of  lii-drock,  (iiiartz-^xciiiti-  porphyry,  ki  i 


■f  ih 
li 


iiiiitiiu--  unl■i^^l■s.  .111(1   lilt.-  Ikfkni.mti 


1.. 


aiK 


inito,  ni.ijinoi.in  hniotoiu 

thf  dt'iTosits,  suit. il ill    for  ii^t-  in  w.i 


1  cdiarcoiis  ^.lndr-tont■s  .ire.  in  n^i-i  ■: 
tcr-liound  inaiad.iin,  on  ro.id-  -mI- 


jcctcd  to  traftic  ii| 


lo  >av   1,^(»  \thi(U'>  ptr  d.iy.      Thr  [)orphyry, 


d 


)li'  111  wa 


of  11 
ur-l 


K-  .iiiyiu-  iM-arini;  liiiiisM-! 


d  d 


JOUllll    CO 


ii-iriiclion  uii(lt-r  tr.illir  ot  o\(  r  .; 


i.il).ise>  >hoii 


20(1 


tit«-,  ; 

dur.il 

pir  d.iv.     The  porplnry.  ki  r-.intiii-,  auuit(-^>i-iiiu-  i,nfi».  di.tl 

tirni    u 


Id 


iiwcitiii-n-d    doloiniits.    inaj;iH-siaii    linu-stoiu-s,    .i 


>an(l>loiu's  o 


f  thi-   IU-.ki 


itown  should  wc.ir  wt-ll.  if  liiuinicii 


undtr  ,1   tratVic  of   200  whiilcs  |«-r  d.iy  .ind  ovi-r.     The  kti--..uititf 
found  mar  I'aii  kin^liani  only,  ihi-  porphyry  north  of  Cri-nvil 
.'.1  sonu-  di>tanii-  from  llu-  proposal  ro.id,  so 
loc.ll.     TIk-  aiinitr  hr.iriiij:  i;<iu<iu>  j;'"'^^''^  K'^i"  i^'" 


that  tliL-ir  ii>f  cm 


.1  v.d 


no  on  11 


hut  thtir  >inii.utli  v.irii-s  sjri-.uK  ,  .ind  their  v.iri.ition  i>  .ipt  \> 
ri-.it  li-iifth  of  ro.iil  is  Nurfaced  from  oiu-  ilcpi 


p.i 


tell 


II   AUV  l; 


dt■po^it^of  di.ih.ise  lie  in  idacis  iloM-  to  llu- proiH)M(l  ro.id,  tu.ir  1' 


vilk'.     MohuIkHo,     l'oinl< 
K.isselt   ihiy  lie  on    ,<    r.iilw.i 
material  I'.m  hi'  di-lriluitid  alon^; 
The    pliiuifiil    >iippK'    of    stone 

from  sla  ■ 


lu     ("liene, 


an 


1     C.il 


timet. 


V   line    (I'lale   XO,    from   whit 


N-rih 

I    t',r  n 


tin 


d    from    (".ilimui    t.^    II 


(f    uniform    (iti.iliiy    to 


iha>ede|M  -itsis  iheir  chief  recommend, ition.     Hei  kmantown 


ilomile  i-  found  .idi.netil   lo  or  within  ,i 


few  hundred  \Mid>  ol  tl 
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[K'si'd  road  at  I'.ast  Timplctdii,   11 


ir><.,  and  ilic  line  road  ol  iluC 


<andstotU'  ('nun  ilioc  d 


mp 

"iMiic,     rnaj;n<>ian     Iiin.-t,.ii,-.     and     ,  ,d 


inink  road  lor  -.cvcr.il  mil 
(Kiur. 


I"»il>  arc  the  host  local  niatcri  d  I, 


<■>  on  ciiJu.r  -idc  of  tl 


jorc  ol 


III  anon- 
1   u>r  on  ill. 


II'  lo(  alili.  -,  at  whirh  t! 


1    tl^C'V 


Pr.  15 


*(rri 


Ouar  'M  .•>  vj//<i 


<M>     titthi/v 


Porp'tyry 


O-HBOr 


-A  _  Jui^  fe  .t^m/r 


I   0 


<F/-*/  r//^    Ofte^JU 


t  „- 


B      ^feMirmnitmrn 
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U- 


n,>,,m„n,     tj„.fA..,..    /-    A,f«/7„,,„„, 


— — A- 
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I  I 
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h 


ttMJofi  n^j.t   /,  , 


r«></tf  <  n 


»- K 

l»    .'BOD 
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~T 


iAgU 


1}      as       ao 


-t-.f- 


-hA 


f^*L4'iff  'w^r.  *.iam 


'i        'o       e 


1- 


IDCu 
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I 

T 


f4- 
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^  *0  H  40 


a 


Ptttffnr      *V      M>„ 
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Figure  5.   Kd, 
irihi-  llull-f; 


itivi'  tonvjiiiii'-  .111(1 


!  <r  c ,  lit  of  vvc.ir  of  the  l)etr.r  rlns-(„  of  U 


are  txplaintd  on  pane  13 


rrnvill,.  roa,l.      II,.,  limits  .«  for  uatcrlx-un,!  an,! 


'itiiininous  tii.ir-  nia 
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A  di-tailtil  discussion  of  the  value  of  the  different  types  of  bednx  k 
follows. 

Types  of  Bedrock. 

Crenville  Series.  The  crystalline  limestones  and  garnet  gneisses  oi 
the  Crenville  are  either  t(K)  soft  or  tw  easily  cleavahle  for  use  on  roii.!- 
The  fiuartzites  if  unban-led  should  be  suitable  fur  road  foundation- 
It  is  nor  advisable  to  use  quartzite  in  water-lK)un(l  macadam,  howevtr 
if  l.tter  stone  is  available,  because  it  is  usually  brittle  and  has  little  cr 
no  (cmentinn  \alue. 

ligneous  Gneisses.  The  igneous  gneisses  have  been  divided  into  tho^ 
c,nT\ing  aiiKit<-,  which  are  for  convenience  referred  to  as  "augite-sycnitc 
giRi^s,"  and  these  without  augitc  calk-d  "granite  gneiss"  in  this  reiH)rt 
Thi'  liffer  in  their  physical  properties  as  well  as  in  their  mincralouii.il 
m.\U'  up.  Five  samples  of  granite  gneiss  were  tested;  four  of  these  ran^fl 
t-uin  4-4  to  4-9  in  percentage  of  wear,  from  6  to  10  in  toughness,  and  frciii 
41  to  XO  in  cementing  v.due;  .iven'ce  Ikt  cent  of  wear  4-6,  toughnts^,  S, 
cementing  value  59.  page  134;  one  excesMvely  altered  and  chloriti/..! 
sample  had  a  fur  cent  of  wear  of  7-4,  toughness  4,  and  cementing  valm 
127.  page  134  d'l.ite  XH'.  The  tests  indicate  that  the  granite  gmi-(- 
when  f.iirly  fresh  are  suitable  for  use  on  ro.uls  subjected  to  light  Ir.illK. 
but  not  for  traffic  r.mging  muc  !i  o\er  l.SO  vehicles  jK-r  day.  The  e.\ces-iM  'y 
altered  material  is  useless.  C.r.inite  gneiss  mixed  with  other  lyp>>  ■■! 
rotk  w.is  used  on  the  macadant  road  running  north  from  l'a|iineauvillc 
for  .ibout  oni'  mile.  This  ro.id  and  part  of  the  strix-ts  in  the  village  \^t  n 
con^'ructed  imder  proper  engineering  suix-rvision  in  191.1  and  l''!t. 
They  were  in  good  condition  at  the  rnd  of  August  1915  with  the  surl  kt 
breaking  slightly  in  the  horse  tracks.  The  tratticover  the  part  just  ii^  rih 
of  the  village  is  probably  not  in  excess  of  150  vehicles  a  d.iy  and  iii.i> 
aver.ige  less  than  100.  The  river  roarl  through  the  village  of  Monteb.lln 
was  surf.iced  with  gr.mite  gneiss  in  191.?;  other  streets  in  the  village  wrru 
made  in  1914.  In  September  1915  the  surface  of  the  river  ro.id  w  .- 
beginning  to  break.  The  traffic  on  this  stretch  is  lva\r  r  than  on  ilic 
I'apine.iuville  road,  for  it  forms  the  m.iin  street  of  ihe  \i",tge  of  MonH- 

bellf). 

The  five  samples  of  .lugite-bearing  gneisses  whi(  h  were  tesK-d  v.ini.l 
from  3-3  to  4-5  per  cent  of  wear,  7  to  25  in  toughness.  35  to  91  in  c.iii.  nt- 
ing  value,  page  134.  ""'he  average  values  :'rc  :  per  cent  of  wear  ^7, 
toughness  15.  cementing  value  69.  The  average  values  of  toughness  ..n.l 
IK»r  cent  of  wear  are  nearly  equivalent  to  those  of  di.ibase  but  the  vari.iliMii 
in  values  is  much  greater.  To  judge  of  tbe  reU.tive  strengths  of  igiumis 
gneisses  at  their  outcrops  is  very  difficult.  The  variation  in  streni;ih 
is  jirobably  c.iused  by  dilTen  nces  in  the  intensity  of  orih  stresses  iiixin 
the  various  masses  of  rock.      The  eftects  of  such  stresses  manifest  tli.  r 


s*  Ives  in  th«>  granulation  of  the 


i)f  others  .il 


and  finally  the  rt 
th 


ionic  <  ieavajje  planes,  the  U-nd 
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quartz  and  feldspar  minerals,  tlu 


•<  r\r,t 


iiK  und  distort 


ippini; 


ilhzation  of  the  minerals  with  tluir  I 


ion  of  other> 


sions  in  the  same  direiiion 
.r  Kneissic    texture    (I'iate  XA*.      Clranul 


loMner  "linuii- 


minerals  is  not,  h 
(I 


or  in  the  same  plane.  jjivinK  rise  to  a  foliated 
itiou  and   distortion  of    ih 


(putirop  and  certain   foliated 
Kiitory  as  the  nicirc  ni.i>-i\c. 


lowever,  easily  r.ronniz.iMc  in  the  hand 


au^;ite  syenites  have  i;iven   te^t- 


Ih 


the  quality  of  soft  .ill 

:s  with  l.irK'e  |K'nent.iL;fs  ..f  tl 


e  JHT  (ent  of  we.ir  of  th 


spt(  iiiitii   nr 


•.ili- 


!<•  ro(  k>  \ 


roel 


.ind 


Kreen  nuncr.i!  ei)id(,t 
rule,  unfoliatcd  m.iferi 


riiion  products,  mkIi  .is  calcite  and  .hi 
irlniiner.il  .incite  .in<!  v,  11, 


•  re  apt  to  !„•  hij;li  in  IoiilH 


irn-^ 

loriii-: 
vvi-h 


.i:-ily  all 


lUK  th 


is  toucher  ih.m   lo'l.ttcd 


'u  -s  value.   As  .1  y,  n.r.d 


e  planes  of  Inddint,',  hut 


ni.iteri.il  th.ii 


untaRe  of  mica  or  those  th 
txtremely  touyh  and  dural.le. 


It   r,irr\- 


KiuisMs  wiih<,iii   ih 
'lUito  and   hi.riilikiid 


l.lV^r    [irr- 
Ic   in,i\-   |„. 


I'nforti 


by   the  ihar.ict 


n.itcly  the   strtiiKlh   of  |1 


mincr.iis,  and  thi  ir 


<r  or  define  of  their  f, 


If  iL'.neou-.   i;i 


(•i>>rs  as  dciernaned 


nearly  all   the  .,ii(c 


Kr.iniil.ition  \. tries  verv  j^nitK 


"li'iion,   their  .iliuation   to  soft 


i.inre  th.it   if  a  deiK.sit  of 


:ro|)s  .x.imincd  |,y  us.      I  here  ir,,   i| 


o\i  r  short  lii-iui 


K  reforc 


ir^;e  scale 


.lil^lti'   s\eniti 


:iy  an  output   ul    10,(1(10  ,  ul 


Wire   develop 


shed  stone  would  v.iry  K're.itl 
The  roafl  from  IJuckinj^di 


l''<»^.  In  lyUahout  2  mil 
iiuhe.s  of  2  and  l-im  1.  au^it 
fif  t       ■     " 


im  to  M.i-,>on 


iil>ic  y.irds  ami  up,  th 
'.!<:  m.ikinv;  <|u,iliii 


on  .1   liirK 
le  n'^ulliuL 


es  (.:  (4<l  ni,i,  ,ul 


lir-t   iii.ii,id,iini/i  d   In 


nil  w.is  sc,n-i(ied  .in. 


yenite  from  ipi.irrv  No,  ,?.S 


irvia  X  was  placed  on  it.     This  ro.id   h.i> 


.iImjuI  S 
iiindii 


W.IS  in  excellent  condit 


Kersanlilr.  'Ihi 


on  in  Novenilier  1<M5. 


c  with  .1 
'airly  he.iv\    ir.iHu-  hiii 


'Ihe 


■re  .ire  twi 


rock  v.iries  fn 


ni..ierial.     Samples  of  the  dc 


three  .ire.is  of  kers.iiitite  ne.ir  lUi.  k 
or  laedium-Kr.iineil  <r\-.i.i|| 


ini  deiisi'  to  tun 


nse  and  of  the  ti 


iiiy- 
iiii- 


t<-ud.  the  resulting  [x-r  cent  of  wi...r 
'iiutitinK  value  2.?4  and   1,M.      Th 


ine-KT.iined   niateri.il  w. 


wi!i  make    excellent  ro.id 


w.i-'  2-.S.   touKhne 
e  tests  indie;  te  th. 


i: 


111(1  I, 


As  f 


m 


ir  as  we  know,  none  of  the  k 


iterial    under  ne.irlv  .il! 


Ir.itli 


ker., 
coiulili 


unite 


111  mavad.im  construction. 


ersandte  near  Hue  kinnh.mi  h.is  Ix 


■en  u-ec 


I/ypirslhene  Gabbro.  The  te 
nr.ir  Charette  lake  indicates  th, 
fr.iftic  under  water-hound 
di.il).ise  of  better  quality 


t   nude   upon   the  liy[)ersth 
It   it   will   iH'.ir   from   'i^l!t    t 


i.ic.id,im  conditions;  but   the 


l\  antage  to  develop  this  depo 


n  the  s.ime  jjlace  th.it 


ene  i,,iM.n) 
o   nu'dium 
re   is  so   miicl 


i!  would  h.irdlv  I 


le  of 


T«,lv<. 


Diabase.  Test^ 


upon  the  dial 


samfiles  were  tested  v.ir\ 


•ivera^e  of  14,  ir 


JXT  cent  of  we.ir  fr 


lase  deposits  show  fairly  uniform  result 
iiiK  in  toughness  from  10  to  17  with  ,i 


■om  2 -8  to  3- 7  with 


an  .uer.ijje  of  S-2, 
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an.  I  III  ciininlini;  \.ilur  IroiK  .VS  i«.  is?  with  ,m  .ixcr.im- nf  H-^.  l'-i«<»  14'>io 
151  ..nil  Figiirr  5.     'riiii|ial>.iM->.inuf  |><M)nT  vM-ariiiu  qii.ilitv  ,iiiil  i..ii  i  • 
i;l>gH  'li.iii  lilt  .i\iTaK<   ri..  kill  itic  \\\»\  tliMM-  Ir.rtu  lakr  lliirmi  l..r»\au  | 
,iii.liliiMii.iylK'a-(ril.«ii  to  (111   tr.  -Ill  .    -  "I  the  i      '  -ami  lack  (J  mti.ikI. 
Iinmliltii.lc,  riml-'if,  i^  ..  whi.h  -.  im    i..  Mn    i.itu!i  llx-  slonr.      I  '  t 
..  nitiuiii-  valiif  I-  iiu.iii.iMy  .;  "^I.      H-     two    -.mipl«>  <>f  «Air-.M\. 
...ar>»-i,r.:in  U'lif  lullliiiu  lU't   in,  n  rial  li.i.  ■    louijltiu -■    \aliif^  Ixlcv. 
.r\i  r.iu".  I'll!   tin  ir  i«innl.i^f  <■!  \\<  ir  i-  liiiii-r  than  ilir  a\' r.iw-      I 
.iillinill    I      iii<!i;i-  a-  111  what    -liuul.l  bi'  mn-'lfrrd   tls,    • ,.   -fSnl  - 
NarL.tinii-  in   iMiii;liii«— .  .iii'l  \\«'ar  a^  ilu  lAi-l       All  t\<  <  ■    'v.-iHrni' 
,,t    ilif  -<T   iiilan    iniiu  T,  .     i  litnritc,    i  .lii  iir,    ,miiI    «(■•  >  il.      iiin!n\ii.^ 
inuj-   111  ilrcrci-i-   iIk-  rc-i-t  incc  cif   tin    -tmii'   In   ,.l>lM-ii  m,  anil  d'  il 
witli  a  i.r.iiTi  o{  iiii   niiJIinu  II.   oi  nv  r  iuii~t  In  t  \pictiii  in  lia\i'  a  i< 
l..m  hill -.-  valiu-  lliaii  til,    i\.  I    uf.     A     ■  |  |h.m-(1  li.  lh»'  i^;iu -m-  l;ii<  i- 
lu.\\(\(i,    lla-  (lialia-i    <,ilH.-il-   iii.iiiu  lin   a   fair  (|.;>;rff  nl    uiiil'.  .rmil\    lii 
1.  nutiiii-^- valiii'^  .iikI  pi  ra-nla^^i  •>  nf  wi     v        I  In- ascrau*'  \  .liM-a--'\' 
l.ir  llif  (liali.iHr  >.Mnpl(>  ill.!'  aiv  ill    '  tl;<  \  an   -nit  il.U-  Inr  iisr  in  w    '■  : 
!..m(l   niai-.iiiain    ■•(lliir.  I,  .1    U<  a   ti  ^Ita'  .1   .ilm.l    -'^<1  v.  Iiitic-  p.T  .1   v 
,.i„l,    il    liiuinii  ;!    ImiIII'iI,  llirv   ran    lit-    n-i<!    ninlcr    mii<  li    heavier   tr..ll: 
ciiiiilitiiii-.      I'l.ilia-e    Irnii:     the    ijiiarrv     ul     tlu-    t'M.iwa    Inipn.v.  tr.  ■  i 
('(aiinM-inii,  Ici-   111.  11,  rai  g.' \',  lliill  |.  \vnshi;i.  v         per  .cni  nl  v.    r 
2-S.  .iii'i  tiini;line»  >.  page  38,  ll.i>  luell  ll-e<l  vvilll     I    I  illiiliell   liiinl.  r  ■,<■ 
Cleiiuiw  ,i\eiiiie  ,in<l  I  lie  eau-e\\  ay  <i\er  1  >n\\  laKi  in  Olt.iu.i    uillievi. 
re>tllt>. 

0;iail:-S\riiitc  /'     hliyry.  'I'Ih'  imrplnry  fnnnil  oil  i     ue'-  l.irni  '■ 
,.|'   Ca-eiullle   h.i-,   .11      .nlillK    In   the   le-l.   ,i    very   lii:;li    IiiIIkIh'- 
'I'll,    per  lent  i4  wi.ii     -  .Ml,  tiniyhnc"  S5,  .mil  cetneiitin;.  \  iliie  5.v     I' 
-hnnlil    111. ike    (\...llenl    niad    m.iteri.il    uiiiUr    Iie.ixy    tr,i    le    nnuli':   :- 

in.ii.viiio. 

I'lihddin.  Tin  r.'i-'l.inisan(l>l<>nc  m.iy  lie  lun-iilere.l  iim  le-  I  -i  .inv 
but  feund.itii.nunrk.  I'lie  -anu  >i.  n.-  Iinni  i!ie  iiei.^hlMinrh(Hiii  •  I  <  >"  ■ 
w.i-  le-ted:  it-  per  1 1  111  (il  we.ir  \\.i>  lii,L,li  .tiiil  tiuiv:lnu— .  \er\  Inv,. 

lUrkiihiiili'.^ii.    l'i\       -.inipU>    (if    IJeekni.inlnwn    -tnne    win-    i. 
and   llii-v  \.iri,d  ;,;|-e,itl\    in   their  phy-ir,il  i  li,ir,u  ter>.     The  per  i.     ' 
we.ir  r.ini:e-  fmm  .r  1  m  6-1,  Inii^hiie—  7  In  1,S.  cemi  iitini;  v.ilu^     li 
1211.     Thre*'   (if    the   -.miple-    which    ,ire   nf    fre>h    lu.i^m -i.m    Ian.    :   ,- 
ddlnniite  and  hrm  c.ilcireniis  s.md^tmic   raiiKc    frntti  .?    !         ^  "  m  pir 
cent  nf  \\e,ir.  Ill  tn  14  ill  tnii^hne—,  and  4I>  tn  67        .enieiimi.^  ■.  liin 
One  of  the  other-  which  i-  ni.ide  up  kir-^ely  ..f  i  ili  .neci     -,m(l-i..ne  Ii.i-  i 
per  (cnt  of  wear  of  6- 1  .ind  tniivihness  l.S.      The  imi.r  re-i-t.in  .   to  .il'i.i- 
i.iii  i-  proliahly  .iccnuiiled  for  liv  the  preseiK  .    .1  ,i  p.irtly  wi  uhiin'  "r 
piKirly    cemented    l.ixcr    of    >,ni'l-tnne    in    the    lied-,    -.iinplci.      K.:!l"t 
fri.l'h-  sand-tone  lied-  hhould   .liu.iy-  he  i  .irefnlly  exchided   fmin   ibi 
(rusher.      A  we.ilhered  dnlnmite  frniii   I       ,     I  epipletmi  ^;.ive  lur  .  .  i. 
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«.-..r  5-.'  ,„,!  t..„Kluu-»  7,  .,lth..uKh  fr.-h  M-m,-.  p„r.lv  tn,,,,  .1,.  ..„>„  I...,U 
..  lew  I.UM.Iml  v..r.N  „>,,,>  .  ,.,v..  ,h  r  ..  ,„  of  u.„r  .'  .,  .,«,  „,„,,„„„  ,  , 
»  r..m  ,  ,..  «..rk  .Innr  ..„  ih-  M.vkm..nt.,un  M,.,,..  I,,  re  ,.,..!  .1-.  ^^|,..r.. 

..  .^ .  .•r..m,  ,h..>  if  frial.tf  ..nd^tu,,..  ..n.l  ..II  u..,„lu.r..,|  „ ,.r..  ,,.  |,„,.,, 

""•  ••"■l>"".intn«„  .|.,|.„„i„..,  „UKn..M..n  lin„,r..„,,,  ,„„!  ,.,!.  ,n,,„' 
>.M>.|-to,u-,  u.ll  iurni>l,  ,,„  ,.x,,||.,„  .n.slH.i  s,,.,,..  M,it.,l.l,  |.„  |,  |„ 
I"""  .  '•  w..l,r  1„„.,„|.  ..M.I   ,r.,.h.-  „,,  „.   >M)  nr  MUi  x.},,.!,.,    .  .|,„    „ 

l.llUIIKIl    Uuilul. 

Ih-posils  of  ihe  lielUr  Cnidis  of  H,;lro,  k. 

The  folluuinv;  i>    .   liM  ,.f  ,!„.  „,„.  „„n,l..r>  n|   ,!,.•  I,.n,  r  .1.,-,  ,,, 
'  -  I--.t>  l,„m.l  u  ,hi„  ,,r.M  ,i....l,i..  iK.uli,,,  ,|i,,..„.,.  .,,•  ,1...  ,„„,„,..,,|  ,, ,  „, 

-".r  ,n|„r,„.,-    ,,,  r.-«..n|i„^   ,|,c.,n  is  ,..  I.,.  „|„..i,...,|  ,>.,„,  .\ ,„|„ 

I!,  vlt.Tf  tli.v  ..r,w!,.s,nlM.|  ill  .|f(.,i|. 

'^'■!'^">i  Ciiilhmu,  and  /  ,i:r>'  Rhrrs.   \,,..  2li      >1  ,     Ml.     <ii     r^\  < 
.v>r,'--,  ,<6,  4!,'  ,.n.l  51'.  '  '      '  ' 

/•>"";  l.^trr  River  In  Paf>ni.a,<vi!h:    No,.  (,2.>  OS,  O.S  '  N(.    (>(i    .,>'-• 
"\  KM,    Id},  127. 1  IV?.  '  •     -■ 

l''o„.  rapt„mm;lU-ioi,rn,:,Uc    Nus.  I.^s,'  1  }f,    t^s    Hf,  ir"    i  s.s  ' 
161,'  17(11,,    17.>,'  177,'  I7,s,  I.vvm4.  l,v:,.  iKj<,,  ,,„  ,  ,,;,, ' 

(  ommvr,  ml  /)n<lo/>tnriil  of  lUdrock. 

Small  ,|u..rm.,  I,..v..  Ih,.„  .„,..,„.,|  i„  ,h,  |i....k„,„,„„,„  ,,    „,.;,,  „ 
K.M    rrmpl.r.,,,,  Tluir...  ..„.!   ,h,    li,,..  rn.,.1  .,(   ,|,,  ,,,n.  „f  !.„|,.|,,r 

.\,m.t.--v,.„H.  .„n•,sh..,|„,MMn,.rri.d..n(^.„K■r^„•>|.,,.,„,hl,..|,r,,,,..^,v 
on,..  1  n.k.nul,.,,,.  Kl...  ,ri,-  k...|u   ,i„„  (•„„„,..„,.•,  w..rk.  .„  Mu.  kin,!,.,,,,, 

M.  M  ,,(  ,!u.  phkIu.  t  h  ..  ■„...„  .  rM,|,...l,  l.„t  s,.,,,..  „f  ,1,..  K.,st  ■|-..„„.l.  ,„n 
M,,„e  h..^  .!nul,t!..,>ly  iK-cn  U....I  i,  ,r  |,uil.ii„u  an.!  .linu.nsion  u.^k  Ih, 
.I.IH.s.tsn„•M.K.M.■.li^tlu■pr.cedin^rpa^agr.^ph  ,.r.-  f..r  thr  mn.,   p,,r,  „t 

..r.r,.nnuKh.s,/r  t..  p.,v,.s<.v,.r.,l  ,.nl,..nf  r.M.I.     In  n,...r!v., II  <.,.,.,■  ,  y,  m 

'"'^*-*'  ';';ln-l.-.f  1    h.   ?  ^..^ls  wi.h  littl-    truuM..   wi.l,   .Ir.n,,.,,.. 

'  m.u,y.,f  t  uM|,..lMM-,l..,...Hr,..,m  Ih- .  x.  .,v..tc.,l  K,  ,|..p,hs  .,f  K.  v.r.N 

n.'  ninre  u,thn„t  «Htini;  1kI..w  th,-  ^n  n.l  u,.t,r  l.v.  I  (I'l,,,..,  I  ,„,| 
.\<     hKUr..  0   S,  .,).      ,„  ,h..  .,.,,.„,  ,1„    i!,..k,„,,„„  ,„  ,,,,„,„i„„,  i.,„„ 

•"ll«-'Mi"KI.I..nc.  ^^,,ul.ll,..„l■..^siM.u„,  ,n  l,|.,Min.  ,1,..  p.-k  l,„.  ,!., 
J'.nt  pLwus  ,.„l.,rK..I  l.y  thv  >.,lu,i.,„  ,.l  v.-  ^;r.,u„.l  u  .tcrs  lusv  ,..,,.. ,! 
'""I'l«-  «"  <  r,l!,„,.  TIh.  .to..  j„in,.  ,„  ,|„.  ,|i,.|,.,,,.  .|vk,.s  >h„„|.|  ,,U,.  1,.. 
"t  UT.at  help  ,„  hl.,.,i„^.  (p,,,,,  ,.  ixp.,  ,„  „,,  ^.,„.,.^^,.^  „,,,  „„,^^ 
v..notK-  „f  «.„h1  s.,.,r-  fr.u  tuf  pl,.„,..  ,,n  m.,r..  irr."^ul.,r.  .\..,,rlv..ll 
oMh.'  ,lcp.,Mts  ,.f  >,.,„,.  n.„,nnun,l..l  i„  ,!„.  np.,ri    will  I,.-  |„un.l  l...r.l 

'  A  sampir  from  thi«  !  ikhii  hua  tMvn  tested. 

■  Stone  from  ihii  depo„t  ha.  Iwn  uvfl  ,n  macailam  work 
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enough  to  cause  rapid  wear  of  drilling  and  crushing  tools.  It  is  con- 
sidered that  the  extra  expense  involved  will  be  more  than  offset  by 
increased  length  of  service  of  the  crushed  stone  in  the  road  bed. 

The  better  classes  of  stone  lie  at  varying  distances  and  seldom  as 
much  as  4  miles  from  the  proposed  road.  The  diabase  at  Maholey 
junction  north  of  Fassett  (Plate  XC)  is  7  miles  away  (Figure  7)  bi-t  the 
product  can  be  delivered  directly  on  railway  cars  and  shipped  to  points 
on  the  north  shore  branch  of  the  Canadian  Pacific  railway  which  lies 
within  one-half  mile  of  the  proposed  road  for  the  greater  part  of  the 
distanre  between  Gatineau  river  and  Grenville. 


ISO 


100 


Figure  6.  Profile  of  the  crest  of  a  portion  of  the  diabase  dyke  west  of  Charette  lake. 
Outcrop  157.    Width  of  dyke  110  to  123  feet. 

FIELD  STONE. 

By  field  stone  is  meant  the  loose  more  or  less  rounded  boulders  found 
scattered  through  the  fields  or  on  the  hill  slopes.  They  may  have  been 
transported  from  their  original  source  for  some  distance  or  they  may 
have  been  broken  off  from  the  parent  outcrop  within  100  yards  of  where 
they  lie.  Stone  of  this  kind  has  invariably  become  somewhat  weathered 
on  all  sides  and  is  not  so  firm  or  tough  in  this  district  as  fresh  stone  of 
the  same  kind  quarried  from  the  outcrop.  A  great  many  boulders  occur 
in  the  Laurentian  hills  and  they  can  be  used  to  advantage  in  road 
foundations,  but  only  those  of  durable  rock  species  should  be  used  for 
surfacing. 

GRAVEL. 

Gravel  is  found  in  places  within  a  few  miles  of  the  river  for  the 
greater  part  of  the  distance  from  Li^vre  river  east  to  Grenville.  The 
deposits  are  in  most  cases  small  and  excessively  sandy.  Some  of  the 
larger  deposits  east  of  Papineauville  have  been  mapped  and  two  samples 
tested. 

The  gravel  contains  more  or  less  sand  which  is  invariably  yellow 
and  in  many  cases  carries  much  iron  oxide.     It  is  stratified  in  certain 
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frnrJSV  ^nn''''^"''  ^^W^'  "^^^^'^  ^''  °^  Pre-Cambrian  age  and 
from  80  to  100  per  cent  of  them  of  good  durable  stone.  The  percentage 
of  wear  of  one  sample  tested  is  4-i  and  the  other  1-6,  their VesDective 

I  ght  traffic,  he  better  of  the  two  should  wear  well  under  heavy  traffic 
if  It  IS  properly  constructed. 

MATERTALS  TO  BE  AVOIDED. 

With  SO  much  rock  at  hand  from  which  a  durable  road  can  be  made 
It  IS  wise  to  avo^  putting  soft  material  or  stone  of  doubtful  quality  into 
not  Z  Z  '•'"  trunk  road.  The  following  varieties  of  stone  should 
not  be  used:  crystalhne  limestones  and  garnet  gneisses  of  the  Grenville 
senes  mica  schists  with  much  mica,  gneisses  which  split  with  ease  along 
P^J  r  of  /ohatmn,  coarse-grained  pegmatites,  sandstones  of  the 
of  ttT't,  r^  sandstones  of  the  Beekmantown,  sandstones,  and  shales 
o  the  Chazy  (outcroppmg  at  Grenville).  stone  carrying  much  of  the 
weaSer^  Products  chlorite  and  calcite.  badly  sheared,  granulated  or 

rufn^nT^H  •  37^  T''*'""  °^  ^°"^'^"'  ^^'"^ '"  '^'  ^"••f-ce  course, 
but  probably  suited  for  the  foundation,  are  quartzites  of  the  Grenville 
series,  extremely  coarse-grained  granites,  the  granite  gneisses,  hypers- 
thene  gabbro,  coarse-grained  pink  quartz  syenite  near  Grenville.     Certain 

W  nl  /"rr'  ^"?  'i'  ^^^^'"^  '''°"'^'  '^°^^^^^'  do  ^^"  in  the  surface 
for  parts  of  the  road  where  the  traffic  is  light. 

SOILS  AND  OTHER  MATERIALS  ON  THE  PRESENT  ROAD  SURFACES. 

in  J^^X.!r  ^,,^'^!!.""^  °f  ^  '""^  °f  two  at  Gatineau  Point  and  another 

m  Montebello.  the  Kings  road  along  Ottawa  river  is  not  metalled  and 

the  road  surface  ,s  the  underlying  native  soil.    Along  the  greater  part 

of  the  road  blue  manne  clay  comes  to  the  surface.    This  is  a  very  plastic 

day  which  becomes  soft  and  very  sticky  and  heavy  in  wet  weather,  but 

Ty  traffic"  ""^^  ^*"  '*  •'  thoroughly  dry  and  pounded  down 

Along  certain  stretehes  of  the  river  road  such  as  that  east  of  East 

Tempieton  near  Plaisance  and   Papineauville.   there  are  stretches  of 

yellowish  rather  fine  sand,  and  sand  mixed  with  gravel  and  boulders 

occurs  along  the  river  road  in  both  sides  of  Pointe  au  Chene.     In  the 

hils  along  the  northern  part  of  the  belt  surveyed,  sand  covers  a  far 

larger  part  of  the  surfaces  of  the  roads  than  near  the  river.     In  places  the 

sand  IS  up  to  10  feet  deep,  in  others  it  is  not  more  than  a  fevv  inches 

o?^.'LT"^  ^  prevalent  over  areas  of  rock  outcrop  but  a  great  part 
of  the  sand  is  underiain  by  bl-  ;  clay. 

Where  there  is  a  thin  layer  of  sand  overlying  clay  the  road  surface 
>s  in  places  firm,  but  where  the  sand  layer  is  mor*  than  a  foot  or  two 


icii 
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deep  the  surface  becomes  deeply  rutted  and  hauling  over  it   is  ver\ 
heavy.     Short  stretches  of  the  road  pass  over  a  natural  mixture  of  ila\ 
and  sand  which  may  overlie  clay  or  in  some   places   bedrock.      Su  ' 
clay-sand  or  sand-clay  surfaces  apparently  stand  up  better  under  i 
light  traffic  that  prevails  along  the  Kings  road  than  any  of  the  othi 

native  soils. 

Black  clay  loam  or  muck  is  of  infre{|uent  occurrence  and  tloes  nd 
cover  a  long  stretch  of  the  front  road  at  any  one  place.  The  black  mu(  k 
patches  arc  apt  to  be  wet  and  have  to  be  adequately  drained  before 
they  can  be  considered  as  foundations  for  a  broken  stone  road.  For 
details  see  Appendix  U. 
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Appendix  B. 


Deposits  of  Bedrock. 

The  detailed  information  obtainwl  regarding  deposits  of  stone  h:is 
been  assembled  in  this  Appendix.  Each  area  referred  to  in  the  list 
is  designated  by  a  number  on  the  map,  in  certain  cases  parts  of  an  area 
have  different  numbers,  and  one  numl>er  occasionally  refers  to  more 
than  one  area.  The  rocks  referred  to  as  altered  sediments  are  of  ihv 
Grenville  series,  see  page  131.  For  the  sake  of  brevity  all  igneous 
gneisses  containing  pyroxene  are  referred  to  in  this  Appendix  as  augite- 
syenite  gneiss  and  all  igneous  gneisses  which  do  not  carry  pyroxene  as 
granite  gneiss.  Both  varieties  of  gneiss  vary  in  their  composition  (set 
the  table  on  page  134)  and  the  terms  augite  syenite  and  granite  gneiss 
as  used  in  this  table  each  represent  a  number  of  varieties  varying  from 
granite  to  gabbro  in  composition. 

No.  1.     I-ots8,  7,  rangcIX,  Hull.     Augite  syenite  and  garnet. 
No.  2.     Lots  5,  6,  range  X.  Hull.     Vitreous  quartzite  and  garnet  gneiss  with  patches 
of  granite,  quartz  syenite,  and  crystalline  limestone. 

No.  3.     Lot  4,  range  X,  Hull.     Largely  quartzite  and  garnet  gneiss. 

No.  4.     Lot  4,  range  X,  Hull.     Vitreous  quartzite  and  garnet  gneiss  (Orenville 

^"*No.  5.     Lot  3,  range  X,  Hull.     Largely  granite  with  pegmatite  and  rocks  of  the 
Grenville  series.  , 

No.  6.     Lots  1  to  5,  range  XI,  Hull.     Vitreous  quartzite  and  garnet  gneiss. 

No.  7.     Lot  4,  range  IX,  Hull.     Crystalline  limestone. 

No.  8.     Lot  2,  range  VIII,  Hull.     Crystalline  limestone. 

No.  9.  Lots  27,  28,  range  III,  Templeton.  Vitreous  quartzite,  garnet  o"  ^  vifi 
some  granite  gneiss,  and  pegmatite.     ^        ,  „      ^  .  ^ 

No.  10.     Lots  23,  24,  range  III,  Templeton.     Potsdam  sandstone  out 
northwestern  half  of  the  area  and  in  isolated  outcrops  to  the  W'st.     Alor  : 
edge  there  are  outcrops  of  sandstone  with  thin  beds  of  conglomerate  and  a        ■  > 
calcareous  sandstone.     This  must  be  at  the  base  of  the  Beckmantown. 

No.  n.     Lots  25,  26,  between  ranges  IV  and  V,  Templeton.     \  itrcoi.  ■«: 

and  garnet  gneiss  with  granitic  intrusions.     Small  outcrop  of  Potsdam  to  southeast. 

No.  12.     Lot  25,  range  V,  Templeton.     Rather  fine-grained  augite  syenite  gnci»s. 

No.  13.  Lots  23  to  28,  range  V,  Templeton.  Syenite  gneiss  and  augite  sy.nite 
gneiss  with  some  pegmatite.  The  same  outcrops  to  the  east  past  the  cemeury  nn.l 
church.  The  best  looking  stone,  amounting  to  several  thousand  cubic  yards,  lies  nortn 
and  west  of  the  corner  of  the  township  md  east-west  roads;  south  on  the  township  road 
the  outcrops  are  badly  foliated.  .  ,  ^        ■ 

No.  14.     Lots  26,  27,  range  V,  Templeton.     Vitreous  quartzite  and  garnet  gneiss. 

No.  15.     Lots  21,  22,  range  V,  Templeton.     Altered  sediments  ol  the  Grenville 

series  and  augite  syenite  gneiss  to  the  northwest  of  the  area.     Along  the  southeastern 

side  there  are  outcrops  of  garnet  gneiss  and  quartzite.     Isolated  outcrops  of  Potsdam 

and  garnet  gneiss  to  the  southeast.  ,.      ,  •        -.u    •• ,.. 

No.  16  Lots  17  to  25,  range  VI,  Templeton.  Mostly  gramte  gneiss  with  vitreous 
quartzite  and  garnet  gneiss  along  the  southeast  edge. 

No.  17.     Lots  17,  18,  range  II,  Temoleton.     Vitreous  quartzite  and  garnet  gneiss. 
No.  18.     Lots  14  to  17,  range  II,  Templeton.     18a,  mostly  augite  syenite  gneiss 
with  subordinate  crystalline  limestone.     North  of  the  road  the  stone  looks  promising 
No.  18b,  vitreous  quartzite  and  garnet  gneiss. 
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feet  of  sandstone.     '°'^"''"°"-     '«"  '««»  <>»  calcareous  sandstone  lying  over  about  3 

west  of  the  ro!:d^oric^t^re' WjTelft*  ofn,^.n  ^^'  »-'""««own  formation.  Sourh- 
quarry  and  across  thTroad  a  h  ck,^,,  of  Tfm  o^.h^rf  T^  ''"'T^^  *"  -'n  old 
been  made  on  the  stone  from  Iwth  ouarr  ,  s  Thl.^  */'*  "  "P"f  <'■  Tests  h.ive 
outcrop.  There  is  about  .«)  OOO  cu^ic  virrU  nf  rnTL  '""H*'.'"^^"':''.""  «'>''  "'«''  "f 
level  south  and  the  same  amouTnorth  oVthi  m,i^  ,  ^'''^1'^°IT''''  'y'"^  "^^^^  *■"" 
sandstone  with  «,me  conglomerate  material  '""''•     ^"^  ^"'''  ""'""f"  "'  P''*"^''"' 

sian  Iimes,one':°*A  V'C%"  JnZnf  onth^'°-  ^l^'  ""■'""•^"*°*"  ^olomiteand  m..Kne- 
^miVe.  It-  "  -  o-»~r  tdt  ttUr  >^-  ^SfemtfoZ 

No' 23      Lolslfi   17'?"*'l';'J^'?P'«r-     ''ot'dam  sandstone, 
•nd  ^arnet'gne'isrto  thl'n^'rtT  ""'•  '^'""""''"-    ^>'^^"'"«  '--«<"-  ""h  '^uart^ite 
Rocks  are'oliated.  '*'  '^'  """"^  ^"'  Templeton.     Vitreous quartzite, garnet  gneiss,  etc 
^"•'in^r'fH^^^'""^  Vitreous  quanzite  and  garnet 

line  limestone.  '  '^'  '^"^"^  ^'-     ^"8''«  "y^""*  8"=«''  with  quartzite  and  crystal- 

mate^i^i  |a  niVo/'d-eSd^o'utcr^L^T:^^^^^^  ^""^  «-"«  «"-»•    ^he  same 

also  r'^ics  of  th^°G4nvilie's^?ier  ""'  ""■  ^-'"P'"''"-  Very  gneissic  augite  syenite  and 
comSion.    ^°'"  '  *°  ^'  '^"^  ^'-  Templeton.    Augite  syenite  gneisses  of  varying 

90,0(»°cubk  ya°dVaV"ral1e^oh'^»Tewhrt  .^"^'*'=  T'"'*f  .«""='"-  ^here  is  about 
looking  stone  No.  31a  Lots  22 1^28  r^ntl  ?v  n  '',"''  1*^"'  ''"J  otherwise  promising 
with  itches  of  cryialline  lim"  lone'-  'nT.',^'  ^r„'^'"?k^?i  A"!  *?,y-«?  K"^.--' 


\r«  7ti.      i   1    XA   X:    ""»"«= ''3'<:'"ie Kneisses 
No.  31b.    Lots  20.  21.  range  IV.  Buckingham. 


with  patches  of  crystalline  limestone.' 
crystallme  limestone. 

SmalKop'r:;^*a,^?e"lcro'ss',^^ad^ 

^uth'^rt  aug^^syiniti  gne^'  MwesterL"fd""-|    ^'""^  P^"  <=^«a"ine  limestone. 

--^y^T^^^^^  Largely  augite  syenite  gneiss 

of  finegrlinedrma  s%e7elds'o^ihl"',ni;?''^"'-  v^""  ^?"'  ^^^"''  thousand  cubic  y-ds 
foliated  augi^'syenrKnefttv^S^^^^^  ^^"''  «°°'*  «°"?-     No.  3Sb,  coarse 

tested.    Tfts  i»  SiSran  au'^'^e  Ste  gnet  ^o"  ''"'••    ^T'« 

coarse  augite  syenite  gneis^.    Sample  tfs?ed     *  *"•  '""'^  "'*'*'^^'  "*''" 

diaba«°aitilab£* ''orefr^'.'LrflJatt'fr-     ^'^'^^  "^y"-    About  250  cubic  yards 

S?lSaS^2^S!?^"^fc  -"  ^^^  = 
line  of  the  road  cr^^^s  the  hill "hown  on  map.  '°°^  '""'"'"  """"  "''^^'=  *''" 

grain^°a*nd  fo'lUted'''  At"?^^'^^^"'^?'"^''^'"-  ^^T""  'y«""«-  '""<=•'  be'ng  coar^- 
niassivemater^rSutcl^^rs^Jth^wttTtrsfm^^^^^^^^^^^ 

of  fine°to  medium'iLV\?rLn"ie^a"n1'&m  "^^^  °"**^™P  ~"^^'"»  ^  P-^  ^eal 
crosses  east  edge  of^tcron  t^nt^L  .nH  =,?^  ^.  ™'">'^  ^"«"'=  "Ven'te.  Wfiere  road 
sand.     Under  Lu«  to  north  th^e  '  1  t^^i T'^n^^ll'*^  "^^^il^  ""''  «"  overburden  of 
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ii,.^„r»m  1  inrhc*  and  len^  apart).  Along  east  edge  of  outcrop  north  ot  road  arc  t*. 
K«Tf.b?mtT<XHVcu".  lord's  ma,.iv?.,  fine-grained  rather  acid  aug.te  .yen.te  an, 
4800cubicy;'rd»aui!itcsycnuc  becoming  (oliated  to  west. 

No    42      ..ot    U,    .ange    III.   Buckingham.     Crystalline  limestone,   pegmat.t. 

'"''iT4rLo?  U'range  III.  Buckingham.    Crystalline  limestone  with  «.me  V., 

**"*'no  44      Lot  11,  range  III.  Buckingham.    Crystalline  limestone. 

Nn  45  Lot  11  range  III.  Buckingham.  K.  r^ntite.  medium  to  fine-graino.l, 
much'^^hel'red.  The';.one''lies  in  the  l.d  of  the  1---'-..  '  ju  banks  are  .te.-p.  ov. 
50  feet  \nAx  in  pl..r.>,  and  the  mattrul  is.  therefore   not  available. 

No  40  On  river  banks,  ranges  1  an.l  II.  Buckingham.  No.  46a.  crvstalline  lime- 
stone and   1"  ."dm  J.nd'one.  'no.  4(,b.  l'o,.dam  sandstone.     No.  46c.  cryst.ilhnc 

^t-^-\^^::^X^^:£^  -^^1  ^^^,  .„,     syenite. 

syeniu      Lth  end  of  ouurop i     uains^.Wcubi.  yards  of  more  basic  material. 
N.>  SO      Lot  19  rant-ell,  liu.kingham.     Coarse-grained  acid  augite  syenite 
No    51      lot   19.  range   II,  Buckingham.     Augite  sy me  .gneiss  mostly  a    t., 

■""^^Jr^^-'lir  ^r/^'V^ -Krnr'jl^l^:gh:m^''Augite  .yemte  gneiss  mos,„ 
altere^cUn.Holiat^ed.^..cid.e.^c.   ^^     ,,^^.^__,^^^^      k„„       ,^,i,,   fi„e-grained.   foli.m,l 

augite  syenite  gneiss.     Only  ^"i.'lj  <|"antity  av.i.I  '  ...nj^one 

No   S4      lots  14,  15,  range  11,  Mill  kingli  ,111  sandstone. 

No  55      LotslS   16   17,  ranger.  Buck.  I'otsdam  sandstone. 

No  56!     Lot  18,  range  II.  Buckingham.  ., dam  sandstone. 

No  57  Lots  19,  20,  21.  range  II,  Buckinnl.  in,  Altered  and  augite  syenite  ko,  ,.> 
"'^•'^^^'N^erirr^^n::.:  of'l^Sam"""^^  limestone  .nd  ..,|,. 
ments  It' no«h  end  of  out.  rop  ^.t  the  village  dump  heap  there  are  the  .emain,  „f .. 
diXse  dyke      Few  hundred  cubic  yar.ls  still  remain  in  place  on  side  hill. 

northern  edge  of  the  arcg.     About  l^;^,^"^'^^"^'    ^1  and  ke^^^^^  could  be  r...<iilv 

grained  and  is  poor  compared  to  above-mentioned  >^™''  ^^^  1  cNan.ara,  Ir.d 
KSS  mK  £UL"n!^".n  el°ch^ttcrthrdiatL^tands  by  itself  anC  c.,M 
be  easily  worked  p,  ^  ^wo  dvkes  of  diabase  are  exposed  on  the 

for  >'au"T4'Vangf  ill^Buckingham.     Massive  quartzite.    J^e  outcrop  is  v-en^  ^ 
No!  65."     Range  II.  I-ochab^r.     Crystalline  limestone  and  altered  sediments.     Uc 
small  outcrops  along  the  road. 
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very  KOO,l  roaj  material  alth.,nKh  the  u"t  UkTn  '  ^,h  „"  'u."""l''-  . '  ^'-  ^ "  ''  "  ""t 
rtone  an,|  altered  »edim.  n  s    noXrn  ,,  ,rt  ^.T  i  ""  'T  "'  °"'""P  '■^"•allinr  lirm,- 

.*  ,  patcho,  of'  n5ldiJ,I;:;;S  .llr^'«;;i:n":rl.!:jdi'r'  «-"«'«"-». »-..  .ndu,lln« 
a..,ite»yenil     s   r,,ch  ;  Itered  inH  no  ...  ,^.  rckl  »h   aiigit.-  Myunifc  irm-ks      ThB 

of  road  and,  are  ar  ,he  K,u?h  and  north  i",,  „/',,,  L'.r"  "tJ'*'  T  """"-•  «"'«''  »''•" 
lim.  contam,  atK>ut  145.()(K.  ,ubi,-  >"r  iT  and  il  ,  .T"'  ^  t^' f'""""  •""  ""-south 
yard.,  of  .tone  su  t.d.lc  for  road  mitrVi.       1;  •"  \^^  "'"^^  •''"""   HH),(HHl  cubit 

difKisits,  °'  '"""'  "'•'"•r'al.     San.ple  tested  from  the  .southern  of  (he  two 

gn.is;°graniteyntis,,'ll"r,,M'r,':t'h^'*\;^ 

No    74.     Kange  VI,  iVhalxir      Add  T,  ;T  .''"■^' '^'''"'■'' '"''''* -'re-i^. 

the  north  to  a  massive  l.asi.  *t'her  .n.v!^  *:'''  I'"'  •"■.•'"'"^  K"''""  ^-'ryinx  tow  .r.l 
cu  ,ic  yards  of  fairly  K<xxl  u^itt  HvenitrZil  "'''  '"'""I  '^'"'''"'-  Al«ut  I2(MiK 
''""  No"75     VeTw        ■  "^•'«'''''»!'-i'>K  roacf.  ""■"  '"  ""^  ""'""P-      '"''«  stone  i, 

auKite  syeniie  Kn.-i*sTnd7t"fdiU^to''wlIitw';  Jinit^''^,'  '^''.T''  '^"^"•*Kr<'in.Ml.  .„  id 
e..udeau,  ranRe  \l,  therein  a  de,>„M,  of     H.  //.  "   ,ie  v     I  r  ''™'*">'  "'  •^'^-   "'i''" 

0  "^*h^T^  ""«'"'  ^y"-""^-  "'^"•^^^'  to  Cht  y  foh'  ed*  '",'^'''"'".;'":"i'?«' to  Krecnish 
30  feel  hixh.  "  »iiKmiy  loluited.     De|x)sit  is  m  form  of  hill 

hne-|a°ined«nHs"''  ''  '-'^''"^'^^      F°'"»"=<«  "d  .r.,  ,i,e  ,„eiss  with  strips  of  dark. 

in.r.,p- {!;  Zn!: ^!«raLd  Kn:^^"'  "'  «'-^''-  --•     foliated  ,.1  granite  gneis^ 

■nac^f^fo^Sai'Sn^:^-'*""-     ''"''^"'  '"  -^"  '-"tity  in  the  river  bed. 
No.  85.     Range  Vl.ochal«..r.     Foliated  granite  gneiss. 

V^  87  8!""  «     '    ZY^u     '■'°"''"-'''  '^"""«  K"^'-  -nd  tnica  schist. 

No.  90.    tnge  IV    :L  h^l'r    •'^"^'^  «"""-"— '■'-'- granite  gneis,,. 

of  H.  Sutherland'"¥hi;.o  \i;''"^tra,^'t"ryTor  'T"^"""-     "/'P""'*  ""  "™«-^'> 
■At  north  sKle  of  deposit  ,|,eTe  is  a  bare  f,4  of  t  wJ^f  ."••T'''u'^"'^'*""'^  ">  dolomite. 
es,ly   started.     Overburden   over   de^srvarie,   w^  V*^    T^■'^  ^ 
square  yards  in  extent.  aeposit    varies   widely.     Deposit    is   abou':  40,000 

a!tere.^eS!me^'%°tc^o?°;  J^^^^t;:!'!^^''  '^'"'''"  ^-'^  *■">  -™ 
T        .ter  IS  suitable  for  rold  foundation,  the  resi^  w"r"hless"""  ""  ''"''  '"'''  °'  "'"''P--- 

.        .orma-tion^"X°:  u'arut  2&of":l°LT;"  """'•"i"^''  ^'^-'-     B-'-"" 

stone  has  been  tested.  construa.on  wa.s  done  in  1914  and  19i5.     This 

quarr>-  ownefl  by  Mr   BeaurhJmA  *  p^  °'  ^^'     ?«'<'ktnantown   dolomite,  etc      Smill 

knoll  of  ..  000  sq'uareyardreS      To\T^onlZl''''K  ^^"^^-  ,  «-''  «^sed  oTa 

No%4'''"'"'  '■"  a,'nagnesian  li.nesJone  matrix  '^  °'  conglomerate  with 

alow\ac/extendiTfor\toTt''lTO'feet''t"nl^  Zt\  °",^^'^  '''^^  °'  »«""?  a'ong 
burden  of  soil  and  iderbrush  hides  cx'tentTf'  m  .t  ^T"  l°^^'"«  '°^^  °'=<^""-  «ver! 
IS  massive  and  hard  out  very  acidic  material.     A  large  part  of  the  outcrop 

■«.-!ctV^' '*•''•'*'■     Range  IV.  Lochaher.     Foliitcd  er--      ,  •         v  ,. 

ra.  k  m  these  outcrops  looks  like  good  road  material  '      ^  '^""'^  "'  ""•' 


( 
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No.    99    100    101.     KanKB   IV.  Lochaber.     Foliat«J  granite  gnei-  with  w.nie 

'''"t"'l^"Ka.i|e"lv'Li^!ai;r'^W?iy  m^iiurr-Kraincl.  foliated,  .rey  «r..,.,.. 
•  V.  ;„«hTout«oD  thrre  i.  «,mf  mc.lium->.:ained.  foliatrd  aumte  .y.;...  . 

rrnh'^xr'e'illity  .roSp'"  .h.  road.  1.9tM.  cuoic  yard,  fairly  «ood.  n,e.l..n„. 

»"'"Ni"X'""CgeTv.'":och.,l.cr.   south    King.  road.     Be^kmantown   calcar. , 

fromupp.T^dyxp«*d.  ^^^,  ^_,i,^^y  track      He^kmantown  fornu.i.m 

exuoscd      Ouarry  i.  be.ide  Canadian  Pacific  railway.  .... 

^o    lOS      Range  IV.  l-ochaber.     Beekmantown.  .tecl  grey,  fine-grained  dolonutt 

•"''■Srt?;6'^."'RVnge  KrX"rBeekn.antow^  bed.  con,e  to  .urU. 

'"  -r\Sr  Rrg'vl.^'ffir'Mtr^^^^^^^^^  and  fine-grained. 

K"-  t    &  V{{'  I'^h^^r':    ASan^peiM  and  .chi...  ^  ,  ,.  ^  _^ 

N°'  uci     Ran«  VI   LXber.    Granite^gnei..  fntruded  into  very  much  roh..ted 
rock  with  a  '^w  l^tcVs  o<  augi^j-  .yenite  i^ne.«^  ^^  ^^^^^     ^^^^^       . 

grani^witV  Vel^ic'lt'ruit'uVl^dVfainin^m^ch  Mg 

'"'"NlTTir'^Range  VII.  gore  of  Lochaber.  Foliated  granite  gneiss  and  a  little 
foliated  augrte  V^"|«  «2Xi„„.  Qn  the  northwest  side  coar«-grained.  acid  granite 
No.  118.  La  '^«*'"/^f '"^uih  of  the  Canadian  Pacific  railway,  fine  to  medium- 
lies  in  a  steep  h  11.  Along  tne  souin  °' "'= J-g.  .  .  „histoL  •  rocks;  west  part  .inrt 
pained,  foliated,  basic  K'amtcpeiss;  along  BUck  bay.  Km«o^      The  stone  near  the 

Owne^r.JoeKing^Plai»nce.9ue  ^,^^^  „,;„.„,.  „„he  Grenville  series.  The  hi«h 
cliff  facing^the  rive.  i.  aU^-^;„— ^,,,fi,  ,,-,  cro^s  the  Nation  river.  Schi.to. 
'«=''r*l'ir"''lT?e"t&Ttion  w^t^^h^N^tTofriver.     Medium  to  coarse-pined 

rdfut^gra-llred.  h^^rd^T^™  S^' XT? Ji^^Vrki^'^o.our.^ Toward  the  .on, 
*''''Nos.l2rr23°"^U  Prtit^Nation.  Very  foliated  and  crumpled  possibly  alter«l 
''**''hj"*oi      I  .  Ppfitr  Nation      Foliated  red  and  grey  granite  gtieiss. 

No  128  La  Petite  Nation,  east  of  North  Nation  Mills,  west  of  the  montee  road 
^IJo'TJq""*  La^pitite  KnTorth'oTm.  Foliated  granite  gneiss  and  schisto. 
rock,  with  some  aHeredj^iment^  ^^^  ^^  ^^^  „ontte.road.    Fine-grained, 

.Ughtw'rilited^P^^^nit:  gnVrand  fine  to  medium-grained,  p.nk  granite  gaei.. 
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.  Iimt-atune. 

. '     ncnt». 

ri'v  ((ratiite 
ii.iilli',  lot  H4, 


?!■  iV  *  J'etite  Nation  between  St.  Andn  Avilin  roai!  and  cm-lc  (o  writ 
Cryitallinc  limeiitone  and  ichUt*  in  plaies,  but  mostly  unniic  .ii.|  aunin  iviTiiti-  Kntlsi 
(.ranite,  acid  and  coarw;,  in  outrrop  niar  road,  altrrrd  limoMoiii-  fanhcr  north.  S)nie 
granite  ijneiM  mturn  in  this  area,  an<l  wa«  uwd  in  the  village  c'  l'a|iiniaii\illc  r  a 
maiadam  road.  A  siimplc  wa*  ( olle.  ic<l,  where  stone  (or  road  w.i«  tak.  n  out,  ,in«l  ti-t.d 
No  l.t.>.  1..I  I'ttite  Nation,  went  of  rapiiieauville.  Mcdiuni-nraini'd,  (airly 
nuwiive,  pink  iiiranite. 

No.  1J|  l.a  I'ctite  Nation,  we«t  of  I'apineauvil  e.  Fairly  niawive,  nii-dium- 
graine.1,  pink  and  grey  granite  gmiit*.  Part  of  thi«  outcrop  on  the  railway  oni'  h.iK 
mile  west  of  town,  o(  a  dark  grey,  basic,  massive  to  whistose  innious  umi,-.  Ili.se 
outiropi*  are  clone  to  the  riv  -oad  and  contain  a  large  amount  of  <lark  graiiitr  gmisii 
The  in.icadam  road  at  I'apine.   ivillc  wan  built  ot  somewhat  shiiilar  r.M  k. 

No.  J.U.  l.a  f'etite  Nation,  nortawent  o(  I'apineauville.  Mediuin-gr  lined,  fairly 
ma»iiye,  urey  granite  ^neis*.  ' 

No.  H.S  la  I'etite  Nation.  Fine  to  medium-grained,  foliated  granite,  with  some 
altered  sediment  and  whiitosc  rock. 

No.  I.?6.     I.a  Petite  Nation,  in  I'apineauville  on  ri\.'r  bank.     I  rjst 
Crumpled  crystalline  limestone  in  sni.ill  outci'o|n  at  lerrv  dm  k  to  the'i 
No.  l.n.     I.a  Petite  N.ition.     Foliated  granite  gneisses  and  alti. 
No.   1.'8.     I.a  Petite  Nation,  nonheast  of  Papimauville.     Foli 
gneiss  with  an  intrusion  o(  diabase.     I)ial>ase  owned  by  Antoine  1,^., 
parish  of  Ste.   Angcli(|ue,    Papineauville.  (Jiie.     About   .S,7(K1  cubic  yards  in  .liabast- 
dep<    ".     Farm  road  runs  from  deposit  to  main  road.     This  stone  has  been  tested. 

^  139.  La  Petite  Nation,  east  of  Paianeauvillc.  Coarse-grained,  acid,  foliated 
gram  j  gneiss. 

No.  14().  I.a  Petite  Nation,  between  Papineauville  and  Montebtllo.  Fine  to 
coarse-grained,  somewhat  foliated,  pink  granite  gneiss  forms  the  main  mass  of  this  hill. 
Directly  north  of  the  crossing  of  the  railway  and  the  Kings  road  there  arc  outcrops  of 
grey  granite  gneiss,  crvstallim;  limestone,  ai.  J  a  basic  lamprophyric  dyke;  grey  granite 
gneissjs  at  the  eastern  foot  nc^r  creek. 

No.  141.  La  Petite  Nation.  Foliated,  grey  granite  gneiss  with  pink  granite 
P>e's*  toward  east  forms  the  main  mass  of  the  northern  part  of  the  same  hill  as  No.  140. 
No.  142.  La  Petite  Nation,  2}  miles  west  of  Montebcllo,  in  the  hills.  Fine- 
gi^incd,  fairly  massive  augite  syenite  gneiss.  To  the  west  there  are  altered  Clrenville 
sedimentaries  and  barlly  foliated  igneous  gneisses.  Massive,  grey  granite  gneiss  to  the 
east.  The  deposit,  30,(J(X)  cubic  yards  in  extent,  occurs  on  side  hill  on  north  .side  of  a 
well  marked  and  cleared  valley.  A  road  runs  westward  from  near  the  deposit  proliably 
to  the  Papineauville  road. 

No.  14,?.  La  Petite  Nation,  northwest  of  Montebe'H.  Fine  to  medium-grained, 
fi  irly  massive,  grey  and  pink  granite  gneisser 

No.  144.  La  Petite  Nation,  west  o  intebello.  Foliated,  fine  to  medium- 
grained,  grey  granite  with  mica-schist  and  ,•  black  schistos'.  rock  occurring  in  the 
western  part  of  the  outcrop. 

No.  145.  La  Petite  Nation,  "outh  of  Arcand  bay.  Potsdam  sandstone.  The 
sandstone  is  white  to  grey  wl  iie,  even  Kiained  and  banded.  Beds  have  been  quarried 
in  two  places,  about  150  and  80  >  i  ubic  yards  being  excavated.  Stone  is  fairly  even 
grained  throughout  and  bandini  ,  .iavcljped  all  through.  Has  been  quarried  for 
building  stone. 

^"a  e^*^,  "^,  ''•'''*  Nation,  suuth  of  Arcand  bay.  Beekmantown  formation. 
About  8  feet  of  dole...  ..  and  magnosian  limestone  outcrops  on  the  shore  of  .Arcand  bay, 
1,000  feet  east  of  number  145.  Deposit  is  about  2,000  cubic  yards  in  extent.  The 
strata  are  exposed  in  a  face  5  feel  high  next  to  the  shore. 

No.   147.     La   Petite  Nation,  on  the  grounds  of  Papineau  manor.     Crystalline 

umu>tones  and  other  altered  sediments  with  quartz  bearing  and  foliated  granite  gmissos. 

No.  148.     La  Petite  Nation,  Ste.  Rosalie  island.     Dark  coloured,  fine  to  miilium- 

grained,  foliated  mica  granite  gneiss.     There  is  also  a  lar^e  mass  of  pegmatite.     Under 

the  lighthouse  is  a  small  patch  of  fine-grained,  f  .irly  massive  augite  syenite  gneiss. 

No.  ISO.  La  Petite  Nation  in  Montebello.  Altered  sediment*  of  the  Grcnville 
series. 

No.  151.  La  Petite  Nation,  north  of  railway  northeast  of  Montebello.  Altered 
sediments  and  badly  foliated  acidic  granite  gneiss. 

No.  152.  La  Petite  Nation,  north  of  Montebello.  Fine  to  medium-grained,  acid, 
foliated  granite  gneiss.    They  occur  in  a  series  of  small  outcrops. 

No.  153.  La  Petite  Nation,  north  of  Montebello.  Foliated,  acidic  granite  gneiss 
in  aeveral  outcrops. 
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No.    1S4.     La    Petite   Nation,    north   of   Montebello.    Foliated,   acidic   granite 

gneisses.  ^^^     ^^  ^^^.^^  Nation,  north  of  Montebello.     Diabase.     Diabase  dyke  is 

exposed  at  road  corner  as  a  smooth  face  on  a  side  hill.    There  is  about  2,800  cubic  yards 

prSent.    Soil  in  neighbourhood  is  clay,  and  giound  water  runs  out  between  clay  and 

No  1 S6  La  Petite  Nation,  200  feet  north  of  crossroad,  2  miles  north  of  Monte- 
liello.  Rather  fine-grained,  dark  grey  diabase.  There  are  two  deposits  totalling  about 
3  7)0  cubic  yards,  situated  200  feet  north  of  crossroad,  2  miles  north  of  Montebello. 
Deposits  arc  at  foot  of  a  hill  of  foliated  granite  and  schistose  rock.     Sample  tested. 

No  157  La  Petite  Nation,  on  farms  of  Joe  Blais  and  Mr.  Kemp,  21  miles  north- 
east of  Montebello.  Diabase,  fine  to  medium-grained.  Deposit  lies  as  a  dyke  in  a  high 
hli!  above  a  moritee  road.  Dyke  rises  abruptly  to  120  feet  m  a  distance  of  240  feet, 
and  reaches  a  maximum  of  165  feet  above  the  road  (Figure  6).  Another  road  passes 
the  intrusion  at  the  east  end,  and  is  55  feet  higher  than  the  west  road.  The  diabase 
could  be  quarried  to  the  level  of  the  lower  road  without  trouble  from  water  Lxtent 
about  288  (HJO  cubic  yards.  Deposit  is  2}  miles  from  front  road  with  down  hill  grade 
and  open  road  practically  all  the  way.  The  above  intrusion  comes  to  view  again  to  the 
east  on  the  shore  of  Charctte  lake.  Extent  about  12,000  cubic  yards.  This  part  of 
dyke  cuts  through  gabbro.  This  deposit  is  more  inaccessible  than  the  other.  More 
diabaseoccurseastof  Charette  lake,  but  it  is  inaccessible.  ^l      »    < 

No  158  I  a  Petite  Nation,  near  farmhouse  of  Mr.  Charctte,  12  miles  northeast  ol 
Montebello  '  Fine  to  medium-grained  diabase.  Two  dykes  end  on  west  at  the  clearinp 
of  the  farm  and  are  quite  accessible  from  the  road.  The  third  I'cs  to  the  east  at  the 
west  end  of  a  lake,  and  is  not  so  easily  reached.  The  first  two  total  90,0(K)  cubic  yards 
in  extent  and  the  thinl,  13,000  cubic  yards.  A  good  face  can  be  obtained  in  quarrying 
at  the  west  end  of  the  main  mass  (Plate  1).  There  should  be  no  trouble  from  drainage 
in  an  excavation  at  this  point.     Sample  tested.  <;„„  „,,;„„^ 

No  15'>  La  Petite  Nation,  west  shore  of  Charette  lake.  Dense  to  hne-grained, 
massive',  dark  grey  to  black  hypersthene  gabbro.  Large  quantities  of  gabbro  occur 
on  the  west  shore  of  Charette  lake.  The  material  can  be  quarried  from  the  south  end 
of  the  lake  without  anv  great  difficulty.  ,„,-..  •„    i 

No  160  la  Petite  Nation,  northeast  of  Montebello.  Fine  to  coarse-grained, 
pink  anil  grey  granite  gneiss  forms  the  main  part  of  the  mass  lying  between  the  depres- 
sion of  Charette  lake  and  the  Kinonge  river.  „■  ,•  .  •„  .u .  umi 
No  161  La  Petite  Nation.  Diabase  dyke  with  crystalline  limestone  in  the  hills 
both  north  and  south  of  it.  To  the  east  across  a  valley  there  is  grey  granite  gneiss.  1  he 
di.ibase  mcurs  25  miles  north  of  Fassctt  and  east  of  the  Fassctt  Lumber  Company  s 
railway.  It  is  small  in  extent  (few  thousand  cubic  yards)  and  is  high  up  on  the  limestone 
hill,  one  part  175  feet  and  the  other  300  to  350  feet  above  the  track.     The  diabase  is 

soft  and  breaks  up  readily.  ,    ,      ...  ,£-  ,        ^    •  i^  ♦  ii  ™;i„.. 

No    162      I  a  Petite  Nation  west  of  the  Kinonge  (Salmon)  river  about  3}  miles 

north  of  F.is^ett.     Diabas..     Deposit  is  alraut  120  feet  above  track  and  along  an  old 

lumber  road.     Remnant  ot  a  dyke  coming  to  view  in  a  draw.     Alxjut  2,000  to  3,0OU 

cubic  yards  in  sight.  .....  .        -         ^         •  i    i 

No  163  la  Petite  Nation  east  of  No.  162  and  on  Kinonge  river  in  a  steep  sided 
gulch.  Fine-grained  diabase.  Deposit  about  500  feet  long,  40  to  100  feet  wide,  height 
up  to  35  fort  in  cross  profile  with  cliflf  faces  on  north.  Lowest  outcrop  perhaps  100  fett 
above  railway.     Diabase  is  much  sheared  and  breaks  easily  under  the  hammer. 

No  164  I  a  Petite  Nation  lying  immediately  adjacent  to  track  of  Salmon  Riv. 
and  Northern  railway  at  Maholey  junction  7  miles  north  of  Fassett,  Quebec  (Figure  , 
Coarse-grained  diabase.  Two  large  hills  of  diabase  west  of  track  can  be  worked  wKji 
ease  from  the  north  (Figure  8  and  Plate  XC).  Switch  can  be  run  to  this  site  whid.  .s 
50  yards  or  so  from  track.  East  of  the  main  track  and  along  a  branch  of  the  railway 
is  a  portion  of  the  remainder  of  the  diabase  dyke.  There  is  a  Rreat  dea'  of ''^^'ha^e  in 
this  xirtion  but  the  larger  part  lies  below  ---.e  level  of  the  track  About  350,000  cubic 
yards  can  be  obtained  above  ground  water  levr'  The  stone  and  the  railway  .ire  owned 
by  the  Fas.,ett  Lumlier  Compiiny  of  Fassett,  Que.  The  railway  is  connected  «"th  the 
Canadian  Pacific  railway  at  Fassett  and  also  with  a  wharf  on  the  Ottawa  river.  Iwo 
samples  of  the  stone  were  tested,  but  they  were  not  of  as  good  quality  as  in  the  hner- 
grainet^  c^^wsits.^^  ^^^.^^  Nation  northeast  of  Fassett.  Fine  to  medium-grained, 
foliated,  grcv  granite  gneis=  with  wmr  pink  granite  gneiss.  Some  of  this  grey  gneiss 
is  very  bfdly  mashed  and  altered  (Plate  XB).  A  sample  of  the  letter  type  has  iRon 
tested  and  is  of  very  poor  quality.     Near  where  wagon  road  leaves  the  La  Petite  Nation 
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land  line  to  go  up  Little  Salmon  creek  there  are  outcrops  of  thin-bedded,  shaly  Beek- 
mantown  magnesian  limestone  or  dolomite. 


Ma/toley  Jet, 


Figure  7.  Diabase  deposits  lying  near  the  Salmon  River  and  Northern  railway, 
between  Fassett  and  Maholey  Junction,  Que. 


No.  166.     La  Petite  Nation  and  Grenville,  Little  Salmon  creek, 
grained,  fairly  massive  to  foliated  grey  and  pink  granite  gneiss. 


Fine  to  medium* 
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("ink  and  Rrey  granii 


No    167      Grcnvillc  tp.,  northwest  of  Pointe  au  Chenc. 
^^'^No  '.rs'"^' 0°env^lr?p^To^Vw:sr1;f  Pointe  au  Chene.     Coarse-grained,  foliate. 
«'""t'Yo"'"l-nviUe""p?n''orthwest  of  Pointe  au  Chene.     Coarsegrained,  rather 

schistose,  rorks.  ^^^  ^^^_.  p^.^^^,  ^^  chene  cast  of  road.     A  hill  of 

cubic  ,,.,k,av.|lal,fc  ^1,^.  ^^^^  ^1  p^,„,^  ^„  c^  s,ti  ,        „t 

n„  rhone      Diabase' dvkewh  crvstalline  limestone  to  north  and  gne.ss.c  Rranite  an.l 
18,000  cubic  yards.     Sample  tested  (Plate  V  11115). 


RJanr..  H  Profile  of  the  crest  of  that  portion  of  the  diabase  at  Maholey  Junction 
lying'^i'esroftherailwayt?!cr  Outcrop  IM.  W  =  width  of  diabase  outcrop  at  pomt 
indicated. 


.  173. 
.  174. 


No 

No 
ments. 

No.  175. 
ments,  schist. 

No.   176. 


Grenville  tp.,  north  of  Pointe  au  Chene.    Altered  limestone. 
Grtnviile  tp.,  north  of  Pointe  au  Chene.    Altered  hmestone  and  sed.- 

Grenville  tp..  north  of  Pointe  au  Chene.     Altered  limestone  and  sedi- 

Gr^nville   tp.,   north  of  Pointe   au  Chene.     Grey,  foliated,  altered 


*""  No  177  Grenville  Lot  2,  range  IV.  north  of  Pointe  au  Chene.  Diabase  dyke 
cuttii  through  alte'red  sediments.  ?o  south  of  intrusion  there  -  ^  '^  t'^'^V. 
Lrpen^ine,  alS.  an  old  asbestos  mine.     The  sedimentary  rock  has  b«n  ^^^^^d  ^^X"*^, 

"""^  N^~"l^r  G?elilll'^r  It'  r'a^'n^geTvnfabase  intruded  through  grey  pink 
granite  gneiss.  Owner.  Andre  Deslauriers.  Pte.  au  Chene^  Materjal  ava.lab  e.  450  0 
cubic  yards,  assuming  that  50-fpot  face  would  be  .*.°'^''^^-^//hTdUtanre  in  the 
the  dyke  rises  200  feet  in  2.000  feet.  Outcrops  are  visible  °^"  j|^i"/'"^*"fV  n,,.in 
bush  which  covers  the  deposit.  A  creek  runs  ^'°"K^"*!','"^V/(^  cubic  yard  more 
deposit  there  is  a  1.000-foot  stretch  of  s^'i'^P  f  ^  .*hen  atout  25.tKW  cuD^  yar 
diabase,  with  swamp  to  the  east  again  A  ''"'.=,  ^labase  occurs  in  -J^^J  ^"*"  ?„  ,„„,. 
HvUp  Its  .imount  is  ins  en  ficant.  This  deposit  is  about  i\  miles  irom  tne  mai 
^    Vn   170      Grentille  to    n^rth  of  178.     Rusty-coloured,  foliated  gneiss. 

No   180.     Granville  t*;,-.'.  we^t  o°f  17Q  and  of  the  road.     Altered  sedimentary  rocks 
with  a  small  outprop  of  diabase  in  a  low_^pl^^^^     ^^  ^^^^^  ^^^  ^^^  "^P"'''/^^ 

to  th^  east     Ffne  t^  coar^se-^ained.  fairly  massive  to  foliated,  grey  and  pmk  granite 
gneiss. 
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No.  182.  Grenville  tp„  on  Rouge  river.  Diabase.  About  3,50(1  cubic  yards 
diabase  on  west  bank  Rouge  river.     Material  quite  inaccessible. 

No.  183.  Grenville  tp.,  just  east  and  near  mouth  of  Rouge  river.  Rather  fine- 
grained uiabasc.  Deposit  owned  by  Riordan  Paiwr  Company,  Hawkesbury,  Ont- 
West  end  of  deposit  is  about  1,000  feet  north  of  river  road  and  at  about  150  f..tt  higher 
elevation.  The  grade  is  even  and  a  road  could  easily  be  picked  out.  The  deposit 
presents  plenty  of  good  faces  for  quarr>-ing  and  in  distance  of  500  feet  reaches  height 
of  100  feet  above  the  lowest  point  (Figure  9).  0-;r  300,(K)0  cubic  yards  are  available 
Material  tested. 

No  184  Grenville.  Diabase  intruded  into  granite.  Dyke  is  on  line  between 
farms  of  E.  Wilman  and  E.  Bigelow.  The  diabase  is  nearly  all  covered  but  1,(X)0  cubic 
X*/£^  ?■"  *°  °'  '"^terial  could  be  obtained.  It  is  1,500  feet  west  of  the  montee  road  and 
2,500  feet  north  of  the  main  road. 

No.  185.  Grenville  tp.,  east  of  montte  road  northeast  of  Calumet.  Fine  to  medium- 
grained,  massive  granite  gneiss.  This  material  lies  in  a  craggy  hill.  It  i^  dark  coloured 
and  has  a  texture  resembling  to  some  degree  that  of  diabase.  The  rock  e.xtend^  about 
150  feet  along  the  road,  rises  abruptly  for  50  feet,  and  extends  back  from  the  top  at  1-ast 
150  feet.  It  looks  as  though  it  might  do  for  road  metal.  The  rest  of  the  rock  in  the 
neighbourhood  is  altered  sediment. 


Fi.;ure  9.   Profile  of  the  crest  of  a  diabase  dyke  directly  east  of  Rouge  river      Out- 
crop 183.     Width  of  dyke  90  to  100  feet.  h  v-     yjui 


Fine-grained,   massive  to  fnli.ited. 


cks 


No.   186.     r.renville  tj).,  north  of  Calumet, 
pink  granite  gneiss. 

.\o.  187.  Grenville.  Lot  13,  range  IV.  Dl  ib.ise  cutting  through  altereri  sedi- 
ments. Deposit  owned  by  .A.  .McKay.  At  least  50,01)0  ciibic  vards  available.  Di.ih.ise 
is  immediately  east  of  a  montee  road  and  is  1 J  miles  north  of  Canadian  I'acilic  Railway 
tracks  and  river  road.  The  m.iterial  is  ex|)osed  on  a  side  hill  wh.Tc  it  is  e.;sily  acccssilile. 
Sample  tested.  The  dyke  extends  to  we.st  of  road  where  two  low  oiit<rops  of  about 
1,800  cubic  yards  occur;  3,000  feet  southwest  of  the  road  and  in  line  wiili  th,..  direction 
of  the  dyke  another  diabase  outcrop  occurs  on  the  non  h  ndi-.;  of  .i  iTvsT.illint  limestone 
hill  of  about  13, (KM)  cubic  yards.  The  prev.ilent  typo  of  rock  t  hrough  the  neighbourhood 
is  crystalline  limestone. 

Xo.  ISS.  Grenville  tp.,  about  3  miles  noriheist  of  Calumet,  farm  of  ['..  Hniwn. 
AbcMit  25  miles  by  wagon  to  the  river  ro.ifl.  Dialia^e  st.indlns;  out  in  humps  in  ih-dp.-n 
hv  itself  (Plate  1X15).  3.000  cubic  yards  materi.il  i-,  available  without  goiii;;  below  the 
surface  ol  the  ground,  and  as  much  more  .it  leist  could  be  quarried  out  of  face  of  hill 
next  to  the  montee  road.  All  of  the  deposit  is  access-HIc  from  th(>  road.  S.unulc 
tested. 

Xo.  189.     Grenville  tp.,  west  of  188.     Granite  gneiss  varying  in  colour  and  texture, 

N'o.  190.     Grenville  tp.     Crystalline  limestones. 

Xo.  191.  Lots  8  to  11,  range  IV,  Grenville.  Diabase.  .At  eastern  end,  the  dyke 
apparently  ends  abruptly  in  contact  with  red  granite  or  quartz  syenite.  The  diabase 
at  the  east  end  is  more  basic  than  the  aver.ige  and  carries  a  large  amount  of  maiiiietite. 
It  is  fine-grained  throughout  the  dyke.  Diab.iseon  lots  10  and  11  owned  bv  [as,  (arson, 
Calumet,  and  by  Mr.  Garland,  merchant,  Ottawa.  .N'ear,  and  west  of,  the  Scot<-ii  ro.id  4,800 
cubic  yards  are  available,  with  pra:tically  no  overburden  or  other  serious  dilficulties  for 
quarrying.  There  is  an  easy  grade  for  ,500  feet  through  bush  to  Scotch  road.  Across 
a  swamp,  1,000  feet  farther  west,  there  is  1,800  cubic  yards  more  in  a  hill.  Three  out- 
crops occur  in  the  3,000  feet  west  of  the  Scotch  road  and  they  are  separated  b>  swampy 
areas.     At  this  distance  the  western  end  of  the  dyke  commences  and  continues  for  about 


162 

800  feet.     It  contains  approximately  98.000  cubic  yards  of  material.    A  winter  road 

^"r\^,r5re°iv^'^lV^''^r.^^^^^^^^ 

No.  193.-    Lo^rrangfv.  Grenvill?tp..  West  Rawcliffe     pQ-«f,«,y-r  ^hTst'o'^e 
Groundma»  dense  and  B^Vjith  brown  co;stas  of  feWspar  (Plate^V  HC)^^.^1  he  s^tone 

l;^Von'^'L°n^'^o^rne1.''Lrp.^°t::ti^  the  area  contain,  the  mo. 

promising  material. 


dense  720 
dame  ■'ns 


uniformly,  f go 

densesZO' 
fine.erajn 


'00  medium  grajned 


L 


\dense      ^ 

'House  of 

Martin  Lofia 

Sc^leoffeet^_^        \ 


FiTiTP  10  Area  of  syenite  porphyry  on  the  farm  of  Martin  Lowe,  near  RawclifFe. 
Quel^r  0°tcroriW.  DensiTfine-grained.  etc..  refer  to  texture  of  stone  at  dotted 
^nte;  numbers  refer  to  elevation  in  feet  above  sea-level. 

No.  194.  Grenville  tp.,  East  Rawcliffe.  Coarse-grained,  massive,  reddish  quarti 
syenite  or  g/anite  porphyry.  ;„     ;„  Beekmantown  and  Chazy  formations. 

resembling  Beekmantown  beds. 
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Appendix  C. 

DEPOSITS  OF  GRAVEL. 

..rf^  ^'"Vu'^^^uT  '^'-'^'"'''  "^  ^"'''•'  ^'■'^  '^'^"^^  t"  i"  the  following 
section.  They  all  he  east  of  Papineauville.  There  are  other  Knnelly 
dep...ts  to  the  west,  of  wh.Vh  no  account  has  been  taken  in  this  work^ 
They  are  not  numbeed  on  the  imp. 

in  size.  They  are  ^Pre°clmbr  an  rl^ktLs^L'^XV/lT'V^^  "J"^":  ?  '"^■''" 
the  rest  rather  soft.  The  eravel  is  sand v  , A„^ n!)  ^  "  ^°'  ''""  durable  stone, 
oxide.  The  deposit  covers  ab^ut  14  Icr«,nALf  •"^"V^""';  i"""  ""^''"K  '""''h  iron 
but  a  test  ma5^  up^n^ple  from  the  de^stln^^^^^^  ""'  ^"  '^^''i'!^'*- 

gravel  macadam  under  light  f.;ffic  condS     '"'^'"*^'  *''^^  ^^^  ^'^"^^  «  '"'table  for 

ha  ?  hTh  ^ceTenting  ralu'l'  '  u'haTh  "^^^  '*  '^-^  ^^^  ^''^^"^'^  w"arin^V"a^y  ^nd 
and  Gre^viirand'Tor^^d  work'i:  hIw^'u ry.  """*'  construction  In  Calumet 


Tests  Made  upon  Gravel. 


Location 


Composition 


I  mile  east  of  Papineauville,  i  mile 
north  of  Kings  road 


88 


Lot  12,  range  III,  GrenviHe,  i  milt 
*-JV,.°'  Calumet,  J  mile  north! 
of  Kmgs  road . 99 


a 
in 


12 


Physical  character 


2.69 


2-64      1.6 


4.4 


91 


•r  O 


S  '^  I 


71 


are 


34  0 


27-0 


25     217     34-1  I  24-.S 
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Appendix  D. 

Soils  and  other  Materials  Formirtg  Present  Road  Surfaces. 

In  Appendix  D  the  information  ob  ined  regarding  the  material* 
forming  road  .surfaces  in  this  area  is  compiled.  The  numbers  refer  to 
stretches  of  road  with  corresponding  numbers  on  the  map. 

No.  1.  Ton  soil,  blue  plasti.  rl.iy.  On  the  river  road  sami  has  been  placed  on  this 
I  lay  to  a  depUi ..( about  4  inch,  s,  making  a  good  firm  surface.  West  of  No.  1  to  C.atmeau 
noint,  the  road  is  maca<lamized.  ,  i        c     .„f.v- 

No.  2.  lop  soil  of  siin.l  to  a  depth  of  4  feet  in  places  west  of  the  creek.  East  of  th.- 
.reek  there  is  a  mixture  of  clay  and  sand  on  the  ton.  ,  .  ■     i. 

No. ,?.  i  leavy  top  soil  of  siind.     Kuts  m  the  road  to  a  depin  ol  0  mchcs. 

No  4    A  sand  top  soil  up  to  2  feet  thick  lies  over  clay. 

N...'  S.  Clay  from  No.  4  cast  to  the  outcrop  of  Potsdam  sandstone  and  north  as 
far  as  in<licated.  . 

No.  0.  Clay  with  boulders  .ind  sand  imxed  on  top.  j  ,„  ,1,,.  „:ii  ,„,. 

No.  7.  S,,nd  on  top  carrving  cl,.y  or  s.lt  Iks  from  the  creek  eastward  to  the  vill..K( , 
the  sand  is  4  feet  deep  in  places  west  of  the  creek.  There  .s  a  stretch  of  clay  at  the 
creek      On  the  bedrock  area  to  the  west  is  a  brown  s,md  with  clay  in  it. 

No.  «  lUMvy  sand  and, rock  outcrop  in  the  village  of  East  Templeton,  and  from 
there  north  to  Ste.  Rose  de  Lima.  . 

No  9.  Sand  on  top  of  chiy  to  east,  clay  to  a  point  across  bridge. 

No  10.  Saiul  and  brown  clay  loam  running  into  clay  to  north.  _ 

No!  11.  1  to  i  feet  san<l  overlying  clay.  Clay  to  the  south  to  a  point  near  road 
forks.      To  north  for  several  miles  sand  and  day  have  been  mixed  w-ith  good  ".■>i|  t^. 

No.  12.  Sand  and  loam  overlying  bedrock  east  to  point  indicated  on  th  nap 
The  two  east-west  roads  to  south  of  No.  12  have  a  sur  ace  of  heavy  clay.  Directly 
west  on  .Mcl.aurin's  road  there  are  sand  an.i  boul.Urs  overlying  outcrops  of  rock. 

No.  1.?.  (lav  on  the  road  going  west  from  this  point,  1  .lere  is^a  small  p.  t.  h  ol 
sand  1  foot  thick' from  the  Canadian  Pacific  R.iilway  track  north  to  the  east-west  r.>ad. 

^'^^^N™'l4^'s,::;rl;:v  t^ck  in  places  for  2,ni,es  east  of  East  Tcinpleton.  From  the. 
east  the  roa.l  surface  is  of  blue  clay  to  a  point  past  -Anger.  The  division  between  -an.l 
andclavisonlvapproxlmately  placed  on  the  map.  .  r  ;,•.,.„.  ,.l„.rr.  t hen 

So  l.v  I  Icavv  clav  from  .Anger  to  ne.ir  the  bridge  nt  Bassm  du  I.iev re  w liere  t  htn 
are  a  few  rock  out.-'mps'in  the  road.  From  one-h.dt  m.le  to  1  mile  east  of  .-Xngcr  there  i^ 
also  a  thin  patch  of  sand,  a  few  hiindrc.l  feet  long,  over  the  clay. 

No,  16.  Sandv  top  soil  undcrL.in  by  day  ,.t  est  eml  and  bedrock  -it  we„tern  tiiu. 
larth.  r  west  there  is  clay,  with  thin  sand  in  places. 

No.  17.  Top  soil  of  clavey  sand. 

No.  18.  Top  soil  of  vcl'low  sand  underlain  by  clay.  , 

No   l'>    Bedrock  at  the  surface  in  many  pl.ices:  m  others,  covered  with  sana. 

No.  20.    1  op  soil  .sandv  (l.rkd.iy  loam  or  muck,  drainage  poor 

No.  21,  One  f:iot  vdlow  sand  ovcrlyin-  ci.iy  west  to  small  creek.  1-rom  rmi, 
forks  north  to  Buckin.'      ii  the  road  is  macad.imized.  .  . 

No  22  Chv  soil  h  a  l.iver  of  sand  an.l  some  boulders  on  top  in  cnain  pl.cc. 
The  sJnd  varies  in  tiiickness  from  a  few  inches  to  1  foot.     This  condif .     continues 

north  t,>  No.  21  Jf, ;-fV;;^-,,;^i,,  ,„,  becoming  thicker  towards  the  river  North 
to  the  rniFway,  at  VfassSerei;  heavy  clay  on  the  surface.  From  Masson  to  lUickuis- 
ham  the  road  is  macadamized.  v     tc 

No,  24,  Heavy  clav  from  bridge  west  of  Masson  to  No.  25  ,iistiiir. 

No.  2.V  Small  knoll  where  road  cuts  through  at  least  c  feet  of  sand  for  distai.c- 

°'  '  No°  26.-Topsoil  of  few  inches  of  sandy  day  underlain  by  clay.     Clay  south  d 

"''To',  27.  Top  soil  of  sand  from  a  few  inches  to  2  feet  thick  underlain  by  clay. 
No  2S.  Top  soil  of  lew  inches  of  loam  imdeil.iin  by  clay_ 
No.  29,  Top  soil  of  sand  increasing  from  a  few  inches  to  3  to  6  leet. 
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No.  JO.  Top  soil  or  sand  from  1  to  5  feet  in  depth  and  underlain  by  clay  from  the 
metalled  road  east  to  point  indicated  on  the  map.  East  of  where  the  road  turns  to  thi 
south  for  about  600  fctt  the  road  l)ed  has  been  cut  down  to  clay.  Farther  east  the  top 
soil  is  heavy  clay  all  the  way  to  No.  31. 

No.  31.  Rock  outcrop  for  200  feet.  For  a  few  hundred  feet  west  the  top  soil  is 
clayey  sand.  From  here  east  to  No.  32  the  top  soil  is  a  sandy  clay  or  clayey  sand  with 
rock  outcrops  in  places. 

No.  i2.  Top  soil  of  1  f(X>t  sand  with  bedrock  underlying  and  cominif  to  surfaiv 
in  places.     Fast  to  road  crossing  and  river  road  top  soil  of  clay  and  clayey  sand. 

No.  3i.  Top  soil  of  sandy  clay  and  clayey  sand  to  depth  of  5  feet  in  places  M  th<' 
•*)Uth  end  at  least  2  feet  of  siind  on  top.     From  No.  M  to  No.  34  clay. 

No.  34.  On  this  stretch  there  is  a  top  soil  of  froia  one-half  to  IJ  feet  of  sandy  cla\ 
liver  blue  plastic  clay.  IJlue  clay  to  both  the  west  and  east  along  the  river  road  as  far  as 
Thurso. 

No.  35.  Top  soil  sand  to  a  depth  of  .it  least  3  feet  in  places.  I'lav  from  No.  ii 
to  No.  35. 

No.  36.  Top  soil  one-half  foot  sandy  clay  underlain  by  clay. 

No.  37.  Clayey  s;md  with  one  patch  of  heavy  sand  over  clay  east  to  road  crossing. 

No.  38.  Small  knoll  where  top  soil  is  1  foot  of  san<l  underlain  by  clay.  Clay  to  the 
north  as  indicated  with  heavy  sand  and  gravel  near  north  end  of  road.  South  to  road 
crossing  there  is  clay. 

No.  39.  Top  soil  of  sand,  from  1  to  Ij  feet  at  two  ends  of  the  stretch  to  4  to  5  feet 
in  the  middle.  Bet^yeen  .\os.  38  and  39  on  the  east-west  road  there  are  alternations  of 
.-Kind  and  clay  top  soils,  first  stretch  of  clay  in  river  bottom,  second  east  of  road  crossing 
at  38.     Clay  to  the  north  of  39.     Clay  to  east  as  far  as  Thurso. 

No.  40.  North-south  road  through  Thurso  with  macadam  surface  from  Ottawa 
river  north  as  far  as  Blanche  river.  Small  rock  outcrop  on  river  road  in  Thurso;  from 
there  west  to  No.  41  hea\'>'  clay  top  soil. 

No.  41.  Surface  soil  of  at  least  2  feet  sand  at  top  of  hill  where  road  comes  up  out 
i)f  draw.  Top  soil  changes  to  clayey  sand,  sandy  clay,  and  finally  clay  within  .ilmut 
000  feet.     F'rom  there  east  to  near  the  Gore  road  the  top  s<jil  is  heavy  cla\'. 

No.  42.  Sand  and  gravel  over  bedrock,  clay  west  as  far  as  road  forks,  and  from 
there  north  to  first  rock  outcrop.  There  is  a  short  sandy  stri;tch  wst  of  ro.id  forks 
.md  from  there  to  No.  43  there  is  clay  on  the  surface.  East  and  south  to  Blanche  Mills, 
heavv  clay. 

No.  43.  Top  soil  mostly  s-.nd  or  gravel  over  rock  outcrop  or  clay. 

No.  44.  F'rom  Blanche  Mills  north  on  east  side  of  river,  the  road  is  of  clay  with 
xravelly  spots  on  the  hills.  On  the  road  going  west  2  miles  above  the  mills  stretches 
of  clay,  sand,  and  rock  outcrop  occur  alternately  on  the  road  surface  The  sand  gener- 
illy  lies  on  small  hills,  often  over  bedrock. 

No.  45.  Sandy  gravelly  top  soil  containing  some  clay.  Clay  on  the  surface  l)oth 
to  east  and  west  along  this  road. 

No.  46.  Series  of  sandy  hills  with  rock  outcrops  coming  to  the  surface  on  the  tops, 
(lay  on  the  surface  to  the  west  of  this  stretch  an<l  east  to  near  first  road  going  south. 

No.  47.  Top  soil  of  6  to  9  inches  sand  underlain  by  clay.  Top  soil  is  alternately 
^and  and  clay  cast  to  the  Ciore  roiid,  the  last  stretch  being  clay.  Sauth  on  the  shon 
montfe  it  is  alternately  clay  and  sand  to  the  river  road,  th'  last  stretch  lieing  clay. 

No.  48.  Yellow  gravelly  sand  varying  up  to  2  feet,  underlain  by  clay,  ("lay  top 
s<iil  along  this  road  to  the  north  and  south. 

No.  49.  From  railway  north  to  the  first  west  road  thep-  -e  alternate  stretches  of 
clay  and  of  j  to  2  feet  of  sand  over  clay  There  is  clay  at  railway,  in  the  middle, 
.ind  up  at  'he  crossroad. 

No.  50.  Rock  outcrops  in  the  road  bed.     Clay  along  the  i.  jnt  road  to  the  west. 

No.  51.  Stone  is  exposed  at  junction  of  Core  and  I,ochaher  road'.  Sandy  clay 
top  soil  extends  east  from  junction  of  roads  for  1,S(K)  feet,  and  includes  one  patch  of 
sand  at  least  2  feet  thick. 

No.  52.  Clay  from  Nos.  51  to  53,  except  for  one  stretch  of  about  650  feet  east  ol 
t'lA-nship  road  along  which  a  layer  of  sandy  clay  and  sand  lies  over  clay. 

No.  53.  At  the  railway  crossing  there  is  a  stretch  of  sandy  clay.  To  the  east  the 
road  goes  over  bedrock,  which  is  covered  with  sand  with  the  bare  rock  exposed  in 
places. 

No.  54.  Clay. 

No.  55.  Surface  soil  varies  from  .-mnd  and  aandy  >  lay  to  clay  with  subsoil  of  clay 
or  solid  rock. 
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No  36.  Top  ioil  of  1  foot  to  4  feet  «and  underlain  by  clay,  [he  Mnrt  continues 
north  through  Plaisance  and  south  along  river.  The  road  from  the  North  Nation  riv(  r 
cast  of  Presqu'ile  Ennuycuse  is  on  clay  all  the  way.  Heavy  clay  top  soil  along  rivir 
road  from  No.  56  east  to  railway  crossing  where  No.  60  begins. 

No  57.  Thick  top  soil  of  sand  here  and  on  road  to  northeast  as  far  as  No.  S».  clny 
to  the  south  on  this  road,  clay  on  the  roads  to  the  west  between  the  montet  and  North 

No  S8  Top  soil  of  gravelly  sand  here  and  along  road  to  the  south.  The  monti. 
between  No.  57  and  No.  59  consists  of  stretches  of  clay  and  sand  as  marked  ofT ;  beginning 
with  clay  at  the  south  end.  ....  ■        »       .  i 

No  59.  From  a  few  inches  to  2  feet  of  sand  underlain  by  clay  or  rock.    A  pat.  1. 

of  clay  at  bend  of  road  to  north.  .    r  n     •     »  ...n 

No  60    Top  soil  of  sand  with  bedrock  underlying  it  in  places  west  of  rapineauyill| 

The  sand  continues  to  the  cast  of  the  village  to  point  marked  and  is  in  places  very  thick 
No.  61.  Water-bound  macadam.     The  street  going  north  from  the  wharf  is  wsxr- 

bound  macadam  with  a  stretch  of  tar  macadam  on  a  steep  grade. 

No.  62.  Black  muck  and  red  loam  top  soil  to  depth  of  1  foot;  stratified   fine  sap.l 

subsoil  clayey  in  places  with  occasional  rock  outcrop. 

No.  6.1.  Top  soil  of  yellow  sand  over  licdrock.  ...  j    i         i 

No   64.  Top  soil  of  3  feet  black  muck  underlain  by  clay;  this  extends  for  a  few 

hundred  feet  to  the  north.     The  top  soil  is  black  loam  turning  to  saml  farther  north 

*  'no.  65.''top  soil  of  sand  increasing  from  IJ  to  4  feet  toward  the  north.    Sand  is 
underlain  by  clay. 

No.  66.  Heavy  blue  clay  top  soil.  t  .,     .  u  ii„ 

No.  67.  Macadam  surface  here  and  eastward  through  the  village  of  Montebello. 

No.  68.  Plastic  clay  top  soil. 

No.  69.  Top  soil  of  sand  with  gravel  mixed  in  at  places. 

No.  70.  Top  soil  black  day  loam  underlain  by  bedrock. 

No.  71.  Top  soil  of  s;ind  as  far  as  it  was  visible. 

No.  72.  Top  soil  of  sandy  clay  underlain  by  clay. 

No  73.  Top  soil  of  yellow  gravelly  sand  for  a  shr  rt  stretch  over  a  hi  . 

No.  74.  Top  soil  of  yellow  gravelly  sand  for  a  short  stretch  over  a  hill. 

No.  75.  Top  soil  of  sand  with  some  gravel  mixed  in  on  the  face  of  hill  at  tne  crooK 
in  the  road:  clay  south  of  railway.  .    ,..    c 

No.  76.  Top  soil  of  sand  which  for  the  most  part  is  fairiy  firm. 

No.  77.  Patch  of  black  muck.  v.      70  .     v      70  «h<....,  i. 

No.  78.  Top  soil  of  sand  of  varying  d^pth.  South  from  No,  78  to  No.  79  there  i» 
a  heavy  clay  top  soil.  ,     ,      ., 

No.  79.  Top  soil  of  sand.     Clay  south  of  railway.  .  .    .w      „^  .,„,! 

No.  80.  Top  soil  of  sandy  clay.  Top  soil  of  clay  along  river  road  to  the  east  and 
west  for  several  miles. 

No.  81.  Top  soil  at  least  1  foot  thick  at  east  end  of  patch  and  4  feet  near  the  crcrl 
lies  first  on  one  then  other  side  of  road.  West  of  creek  sand  is  at  least  two  feet  thick. 
LTd  is  veo-  fine  and  partly  stratified.  Sand  continues  for  300  feet  west  and  then  ,n 
streaks  for  200  feet  farther.  Clay  top  soil  along  river  road  from  Nos.  80  to  81  and  .^..v 
81  to  82.  .   ^  „,      . 

No.  82.  Deep  sand  on  both  sides  of  the  iTeek.  Clay  in  creek  bottom.  Cay  top 
soil  from  Nos.  82  to  83.  ,  ^     , ,  ,  u 

No.  83.  Top  soil  containing  more  or  less  gravel  and  plenty  of  boulders.  1  hi> 
stretch  of  sand  contains  one  patch  of  black  soft  clay  loam  50  feet  long.  mnvun. 

No  84.  Top  soil  of  black  muck  containing  large  stones.     In  some  plaies  it  cont.im» 

a  considerable  amount  of  clay,  and  in  other  places  It  IS  s-ndy.  .,.,,  .i,„„,,  h 

No.  85.  Top  soil  of  gravelly  sand  underlain  by  clay,  from  No.  84  east  throi.(,h 

''"'"no^  86^  Top  soil  of  gravelly  sand  with  a  few  hundred  feet  of  clay  near  creek  south 

"'  '^°No°8r'Top  Mil  of  sand  containing  a  little  clay  and  gravel,  underlying  soil  clay. 
No.  88.  Thick  top  soil  of  sand.  ,         .  ,  c  fo.»      -^anH 

No.  89.  Top  soil  of  sand  varying  in  thickness  from  1  foot  to  over  5  feet.     >anrt 

becomes  gravelly  on  some  of  the  hills.  .         ..u      „,i.-  .,=t,-hPB-  in  other 

No.  90.  Top  soil  of  gravelly  sand,  in  places  alternating  with  sandy  patches,  m  otiier 

places  bouldery  and  rough.  '  ' 

No.  9 1 .  Road  has  been  blasted  out  ov«r  an  outcrop  of  graait*. 
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contel!?  varyS"  '""  "'  '^  ''""'''  "•""'•  -'"'v  '"P  -'  --'  fron,  Nos  91  ..nH  '„  ,  lav 
clay.*'''"-  "■  '^""  '""  °'  ">"''  ™"'""'"«  ^'  co,..i<foral,l,.  .,n,ou,u  ..f  ,r,.v,  1  ..,„1  in  p.,.  .., 
nortlTu  i!n,.^^.::i[."""^  ""■  '"'"'  ^'"^  '*  ''  -'"'y  «^— '  •'"''-'--  t.y  d.,v;  ...r,!,,. 

clay  !:;".i^'L!.^^  :;'!;;^m'""''  «"•■"«  "^"^ '^^  •"--''  •■-  >•-  '^  --^  i.. ., ,.,.  i, ,. 
cuts  ?^:;„u"hJm^  ;:::l,N  ''■''"'  ""■'•  "'"'^  -"  '■■•'■""-  '"->•  n„.  ..,,1  .,„ ,.  .„,, 

clay.''"'  '"•'•  ''""•'  ^""  "'  '^'y^y  ^"J  ''-'^"■"'"o'  '"ore  s.uMy  .ov.ar.l  ,l,o  ....„;  ,„„l,.,.oil 

the  e!^;  LndeSng^M  i"":!?:  '^''^' ''''''  '"^''"  ""'"^  •""'  '^  """"<  "-»  cl.,v.v  ,ou..r.l 

\-o'  I'oo'  t"''  "",'  "/  f'^*.'"'-'"^'*  S'-'n^lV  clay  underlain  Nv  rlay 
\^'      ?.'   T°"  '"'.  "f  *^""'  o"  roa.!  ^„Uy,  up  th,.  hill.        '       ^ 

face  of  the  hill,  and  a^ain  wKre  it  Jurns  no«h  '"'  ""'"^  '■■'^'^'■''''   ''""«  ">'' 

V   '  \\l'  i>aterl)ound  macadam  road,. 
\n      m'  r""  ^'l  i  '■*  '^'\'^  '"■'"'  carrying,  a  little  5nn,|. 
No.      3.  Top  so,  o   .s.,n,l  4  ,„  .S  feet  thick  at  leaM  i„  cm,  .don.  the  road 

No!  W's.  tes^^""^ '""'  "'^^-  '°  •  '""•  ^'">  "•  -■'  "  ..--Ui;^;^  clay 
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A.  ('DnKlomcraics  anil  (l.iloinitcs  of  the  Hickii 


north  of  Millar,  <)nt.,  I'art   I, 


DUtcrop  I  Km.       Ocili Tops  tii 


I'ri-Canilirlan  (|iianzile^,  arc  loinul  to  ilif  left  of  the  view 
and  at  the  Icvfl  of  the  l>oltoin  of  the  picture.  The 
|K'lil)le»  in  the  conKloiiierate  are  of     .lartzite. 
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B.  Flat-lyins  Bcckniantown  iloioiiiiu>  aiiii   inasni''''"    liiiieiioiie»,   WcxmI  street 
Prescott.     Outcrop  191. 
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I'l  vri   III 


17.^ 


H..«:';i!u"C."^;:;,ri:'pi;4r'''"^"''''''^^^^ 


lli<'  ri'st  ol  I  Ik-  (|(|)<)sjt 
Klaci.il  gr.ivi'l. 


Ilu-  h 


i-i  ,      "■        " [lo^il^.  I.ci(i\(r  ,-,  riii   lu-.ir 

I  In- Wf.nln-rccl  ni.ilcnal  ,11  the  sii  ■  '    ' 


■     ....  —     '"'''Ht' i> 'i.irkcr  t  han 

.mnuT  ,s  1.,  MHlus  l,>n«.      Thj.  is  pr.-MMnal.ly  ,,  lluvi;,' 


■-*.-*^'>*-* 


.,      l.:,^l'il',H'V^'l  'vinv;  ,i,»,„  |„.,|n„|,  „„rilu.,-i  ,,l  |-.,ll,uv  il.lJ 

','.■       '"'    I" '•!■';-.>■•■   Il.ii   1  .iiiuiii.ir  .in.l  .III  ,,l   Ihc  ~.inr  ,  IninuT'   ,-.   ,li,.  I„,h-;„'L 

ll'"'''"'l""iMu-„|.h,Sl..,,  i„,|i,„n,u.r,unn„,  ,1,,,,,.  '""■'""   •'■•''"    l'"l""l- 


!'..r:     I. 
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I'l    Ml     \  I. 


A     W.ill  ,,l   i;|-.im1   pit    lu-.u-   |-,i||,,«h,.|,|,        p.,,.,    I        I      I,  III,,,,-,,  I 

nsln„n„„„l,„Kr,,vHinlin,i/,„„,,l.h,v,ii,.„>  llluM,,,!.  -  >.h,,r,,    ,, 


)  .  Mouldir  lorn. I  niKi  ur,i\i,-l  Iroin  .il„,v.. 
tin-  Ki.ml  r.iiricii  tii.iriiK.'  >h,-|U  m,,,-  ^urli.t 
>ni.in. 


...  ..      ,1.,         ,      .V  ,,,    .1      ,,J       K;     ::;j;,^    ;;;,    _ 

I  hr   iii.nii   (l,|«,sii    i,  tlini(,i;l,„i.il   ill 
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I'IMI.    \11. 

„U)  Uiu;'       lll';>.r,'.>'.lu.  .In..   „,„kin,  and  cv.-n  m..s  of  ,1k-  m„1>v„1.k.1  Kr„>n>  „! 

cldlomitr.  and  tliiir  .iiinul.irity.  i,  r.    T     .m  .rrv    >4       l'nl.iri:i(l 

14'     iincs.      iV  .lark-c.lourcMl  «rain,  arr  .arl.onal.s  wn  .  rla>-  an  »;  "  \"""'-- 

C.    MicroplK.KiKrai.h   "I"   Tri-m..n    hni.->U.nr.      Tan     I,    <|U.irr\     U.      l-marK. 

''""'l,.   Mi.nM.l....nKrapl,    of    Tr.n.on    linu.Mon-.  .   Can    1     ,,,„,rr>.^S      Knl.^Kc.l    It 
tinu'.       \  coars.-i;rai,u'.l,  loo>.-lv  pa.kr.l  atfun-Ration  ol  ralof  K-^'""^"",'';^, ;'"';,■; 
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